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RESPONSE OF FOUR SUGARCANE VARIETIES TO 
FERTILIZERS DURING THE FIRST ISABELA 
CYCLE, 1946-51 


Pablo Landrau, Jr., and George Samuels! 


INTRODUCTION 
Fertilizer imports into Puerto Rico rose from 43,260 tons, in 1922-28, 
to 247,995, in 1951-52. Over five times as much fertilizer material is now 
being applied to crops in the field, especially to sugarcane, as was 30 years 
ago. About 70 percent of this imported fertilizer is used for sugarcane, 
which clearly indicates the importance placed by the growers on fertilizing 
this crop. 


OBJECTIVES 


The experiment described herein was designed to test the effect of various 
levels of nitrogen, phosphorus, and potassium on leading cane varieties in 
the Isabela section. The soil chosen was the Coto clay at Isabela which 
tepresents a cane-growing area situated between the high rainfall and the 
irrigated regions. Cane usually makes better growth here when irrigated. 
In many aspects this may be treated as a humid cane-growing section; 
however, it possesses certain characteristics of the irrigated cane areas. It 
was thought, therefore, that a study of it would be of value not only to the 
farmers living there, but to others interested in cane growing under similar 
environmental conditions. 

This paper reports on the first cycle of a plant cane and three ratoons of 
the Isabela experiment on Coto clay. 

1 Assistant Agronomist and Plant Physiologist, respectively, of the Agricultural 
Experiment Station of the University of Puerto Rico, Rio Piedras, P. R. The authors 
Wish to express their appreciation to the following for their fine cooperation in the 
field and the laboratory: R. Abrams, F. Ardéstegui, J. A. Bonnet, C. J. Clavell, 8. 
Gaztambide, R. A. Irizarry, F. J. Julié, L. F. Meyer, L. B. Ortiz, A. Riera, C. Rivera, 
A. Riollano and also especially to B. G. Capé, Associate Director for Research of 
the Agricultural Experiment Station of the University of Puerto Rico, for his guid- 
ance in this work. 
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The Area and Site 


The Isabela area is located on the northwestern corner of the coast of 
Puerto Rico. The site of the experiment was approximately 275 feet above 
sea level and about 3 to 4 miles from the town of Isabella on the road to 
Aguadilla. The soil here is mainly a Coto clay which occurs in a nearly level 
area. The parent material from which the soil was derived belongs to the 
limestone of the Tertiary formation. 

The land is devoted mainly to sugarcane and it is seldom profitable to 
grow more than two ratoons on this soil. Other crops, if irrigated, such as 
pineapple, peppers, tomatoes, tobacco, cotton, and corn, return a good 
profit. Tobacco and minor crops are the principal ones grown without ir- 
rigation. The land is owned mainly by farmers with small acreages. The 
sugarcane grown here is mainly ground at Central Coloso, located in the 
outskirts of Aguadilla and a few miles from Isabela. 

The site selected for sampling was located on No. 2 road (North Coast), 
Km. 122.6, to Km. 122.7, with a slope of about 5 percent. The vegetative 
cover was mainly carpet grass and St. Augustine grass along the roadbank. 


Soil Horizons 


(1) 0 to 8 inches: Medium brown. Medium-sized fragmental to rounded 
structural aggregates; clay texture. Roots mostly confined to the surface 
8 inches, and denser at the immediate surface. 

(2) 8 to 18 inches: Well-defined fragments tending to cubical or nutlike 
shape. Transitional to next horizon. 

(3) 18 to 26 inches: Gradual color change from brown to light yellow. 
Softer and lighter in color with depth. Very few roots. Nutlike tendency 
with some fragmental units. Highly variable structure. High visible 
porosity. Structure very weak. 

(4) 26 to 42 inches: Light yellow. High visible porosity. Low volume- 
weight apparent. Poorly defined nutlike and fragmental structure. Per- 
meability probably high through visible pores rather than through struc- 
tural cleavage. Very few roots. Four-inch transition to next horizon. 

(5) 46 to 60 inches?: Bright brown with khaki mottling. Fine fragments 
with considerable horizontal overlap. Very definite colloidal film over all 
cleavage faces giving a glazed appearance. Soil somewhat resistant, then 
quickly and completely collapses to fine, glazed fragments. 

2 This horizon was not seen at any other location and is, therefore, considered 
unusual. The soft, light-weight layer described from 26 to 42 inches is apparently 
more typical of what usually overlies the limestone parent rock. Limestone rock 
occurs at variable depths in this soil, from near the surface to 15 feet or more below. 
The stone is light-colored, cavernous, variable in hardness, and of Tertiary age. 
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TaBLE 1.—Fertilizer treatments used in this experiment and rates of application per 








acre 
Treatment No. | N P205 K20 
7 Pounds Pounds Pounds 
1 0 300 300 
2 125 800 300 
3 | 250 0 300 
4 250 150 300 
5 250 300 0 
6 250 300 150 
7 250 300 300 





PROCEDURES 


A sugarcane-fertilizer experiment was initiated on October 21, 1946, at 
the Isabela Substation of the Agricultural Experiment Station. The ex- 
periment consisted of growing four sugarcane varieties, P.R. 905, P.R. 
902, P.O.J. 2878, and M. 28, at seven different levels of nitrogen, phos- 
phorus, and potassium used to fertilize a Coto clay soil. 

A split-plot experimental design was used, one in which varieties were 
considered as the whole-plot effect and the various levels of the fertilizer 
were regarded as the sub-split-plot effect. The plots were 32 feet long, 20 
feet wide, or 640 square feet. In other words, each plot of the four varieties 
tested was subdivided into seven parts to which different levels of fertilizer 
were applied as shown in table 1. There were five cane furrows per plot. The 
actual field design of the experiment is shown in figure 1. The analysis of 
variance was calculated as described by Cochran and Cox (2). 

The crop was planted September 18-20, 1944, using 32 three-eye seed 
pieces to the furrow, or approximately 10,325 to the acre. The harvesting 
dates and age of the cane at harvest are shown in table 2. Table 3 gives the 
pH and organic-matter content of the Coto clay used, and table 4 the rain- 
fall data for Isabela, 1946-51. 

The fertilizer for each treatment was compounded from ammonium sul- 
late (20-percent N), superphosphate (20-percent P.O;), and potassium 
thloride (60-percent KO). The mixed fertilizer for each plot was applied 
by hand at the base of the stools for the plant and the successive ratoon 
crops. 

Only one fertilizer application was made for each crop, as soon after cut- 
ting the ratoon as conditions would permit. 

The cane was cut as in commercial practice. The cane from each plot 


‘Numbers in parentheses refer to Literature Cited p. 95. 
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Block -9 


Fic. 1.—Field design of the experiment. 


was weighed separately in the field using a portable crane and weighing 
baskets. Ten whole stalks of cane, minus the tops, were taken at random 
from different stools in each plot at the time of cutting. These canes 
were tagged as to origin and brought to the hydraulic mill at the Agricul: 
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DURING FIRST ISABELA CYCLE 





TO FERTILIZERS 





RESPONSES 


TaBLE 2.—Harvesting dates and age of the sugarcane when harvested during this 
experiment 





Age of cane 


Crop Harvesting date paenibs) 
CC Ce a or ce a ne Feb. 9-14, 1948 1516 
Pet ratoon........<.. eee ee 9-15, 1949 12 
Second ratoon. EE ERC nerve? 13-18, 1950 . 
Mare TALOON:... « < kccc ss ccdeewvs 12-16, 1951 12 


TaBLE 3.—The pH and organic-matter content of a Coto clay profile such as was used 
_ Sor this experiment 





Sample depth (inches) pH Organic matter (percent) 
0-4 7.0! +.74 
4-8 5.4 3.82 
8-16 5.0 2.79 
18-26 5.4 1.33 
26-42 5.3 1.04 
46-60 5.3 .O2 








'Limed. 


TABLE 4 Record of rainfall for Isabela during the period of this experiment, 1946-611 





Inche: of rain for month of — Annual 
Year td = | total 
Jan.| Feb. | Mar.| Apr.| May ‘Sone July Ane: Sept.| Oct. Nov. Dec. (inches) 








1946 2.82 1.89|2.46/3.41) 8.41/5.80) 3.68 6.097. 508.3 








5 4/2 .25/4.55) 57.20 
1947 3.03! 1.96/1.06)3.10} 8.65/5.92| 3.21) 2.76)4.85)8.51'2.2816.93 52.25 
1948 3.04) 3.59)1.17/3.32) 7.41/4.24) 2.66, 5.68/4.90/5.185.592.35) 49.13 
1949 3.68 1.383.062.84 7.73/4.6310.73) 5.109.715.9777 .07 6.03, 67.93 
1950 5.13)12.65/2.526.97; 2.51/4.25| 1.53/10.12'3.789.584.973.25 67.26 


1951 3.58) 0.710.813.01;10.03,9.83) 5.50 6.20/8.066.59 4.305.94 64.56 











Mean of 22 yrs.'3.61) 3.21/3.09/4.34, 9.04/7.04) 5.09) 6.65)6.80,.7.125.934.25 66.17 


Mean 3.55) 3.70!1.85'3.78! 7.46.5.78) 2.88) 2.99\6.47/1.36.4.41/4.84) 59.72 


‘Deaeened from the C lim: welouie al Dat: a, W est Indies and C: aribbean, W eather 
Bureau, U. S. Department of Commerce, 1946-51. 


tural Experiment Station at Rio Piedras for the determination of the sucrose 
content. All canes sampled were milled not later than 24 hours after cutting. 

Leaf samples were taken from each plot for foliar diagnosis at a cane age 
of 3 months, but only for the third-ratoon crops. The leaves selected for 
this purpose were the + nearest the last emerged unopened leaf. They were 
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obtained from 12 sugarcane shoots, 3 shoots being selected at random from 
each row of the 4 rows of the cane plot. Thus, from each plot, 48 elongating 
leaf blades were cut at the collar joint. 

The leaf samples were then taken to the laboratory and cut with a knife- 
board paper-trimmer so that a 1-inch section was obtained from the basal, 
middle, and terminal portion of each. This gave 144 approximately 1-inch- 
square leaf sections per plot for analysis. The cut samples were oven-dried 
at 70°C., ground to 60 mesh, digested with acid, and analyzed for nitrogen, 
phosphorus and potassium by the Soil Department. (1). 


MEAN RESPONSE OF THE FOUR SUGARCANE VARIETIES TO 
DIFFERENT FERTILIZER LEVELS 
Yield of 96° Available Sugar Per Acre 
NITROGEN 

The use of nitrogen produced yield increases for all crops except the 
plant cane (see table 5). The use of 125 pounds of nitrogen produced a 
striking increase in sugar per acre. An increase of 1 hundredweight was ob- 
tained fer the plant cane and an average of 21 hundredweights for the 
ratoon crops. 

Doubling the 125 pounds of nitrogen applied did not give as great an 
increase in yield as did the first increment over no nitrogen. For the plant 


TaBLE 5.—Mean yield of the 4 sugarcane varieties, in hundredweights of available 96° 
sugar, when grown at different fertilizer levels 





, : . , Mean yields in hundredweights of available 96° sugar 
Treatments in pounds per acre per acre for — 


Treatment 














No. Siete i ] 
N P:0s K:0 — | aan | ee | oe | 
| 
_ ee eS eee oS |e ee arse (banat mares 
1 0 300 300 150 46 | ss | 33 | 72 
2 125 300 | 300 151 65 | 84 | 51 88 
3 250 0 300 148 49 | 72 47 79 
4 250 150 300 154 62 86 | 59 90 
5 250 300 0 152 63 81 | 56 | 8 
6 250 300 150 149 68 | 88 | 58 91 
7 250 300 300 153 66 | 89 | 60 92 
Mean for all treatments.... ; 151 60 | so | 52 86 
Least significant difference needed 
between treatments of same | 
crop at: 
5-percent level. . . 10 6 6 6 5 
1-percent level... Sastre 13 8 9 7 6 











can 
per 

sug 
crea 
am 
hun 
mel 


T 
pho: 
ferti 
croy 
tive 
ana 
D 
in tl 
tenc 
pho 
hun 
pare 
was 
the 
Si 
few | 
lizer 
reall 
num 


Tl 
triby 
crop 
twee 
mint 
grea. 


Ni 
for t 
of ni 





rom 
ting 
Life- 
sal, 
1ch- 
ried 
yen, 


the 


ob- 
the 


an 
ant 


96° 











RESPONSES TO FERTILIZERS DURING FIRST ISABELA CYCLE 79 


eane, 250 pounds of nitrogen per acre gave 2 hundredweights more sugar 
per acre than 125 pounds. An average increase of 5 hundredweights of 
sugar was obtained for the ratoon crops. There was a tendency to an in- 
creased response to 250 pounds of nitrogen as compared with 125 pounds in 
anumber of ratoon crops. From plant cane to third ratoon the increase in 
hundredweights of sugar for 250 pounds of nitrogen over 125 pounds (treat- 
ment 7 minus treatment 2, table 5) was 2, 1, 5, and 9. 
PHOSPHORUS 

There was a definite response in yield of sugar per acre from the use of 
phosphorus fertilizer (see table 5). The use of 150 pounds of phosphorus 
fertilizer did not increase the sugar per acre significantly in the plant-cane 
crop, but highly significant increases were obtained from the three consecu- 
tive ratoon crops. The use of 150 pounds of phosphorus fertilizer produced 
an average increase of 13 hundredweights per acre for the ratoon crops. 

Doubling the 150 pounds of phosphorus applied tended to increase yields 
in the ratoon an average of 5 hundredweights of sugar per acre. There was a 
tendency for the ratoon crops to demand more than 150 pounds of phos- 
phorus per acre. From the plant cane to the third ratoon, the increase in 
hundredweights of sugar per acre for 300 pounds of phosphorus as com- 
pared with 150 pounds per acre (treatment 4 minus treatment 7, table 5) 
was —1, 2, 6 and 7. The last two differences are statistically significant at 
the 5- and 1-percent levels, respectively. 

Sugarcane response to phosphorus fertilizer has been observed in very 
few soils of Puerto Rico. The need for and response to phosphorus ferti- 
lizers were not as great as for nitrogen, but highly significant increases were 
realized when phosphorus was used. The responses were greater as the 
number of ratoons increased. 

POTASSIUM 

There was no general significant response in yield of sugar per acre at- 
tributable to the use of potassium fertilizers (table 5). The mean of four 
crops revealed a difference of only 4+ hundredweights of sugar per acre be- 
tween no potassium and 300 pounds of potassium per acre (treatment 5 
minus treatment 7), this difference was not significant statistically. The 
greatest response to potassium was obtained in the second ratoon. 


Sucrose-Percent-Cane Content 
NITROGEN 


Nitrogen had no significant influence on the sucrose content of the cane 
for the plant-cane and first-ratoon crops (table 6). The use of 125 pounds 
of nitrogen increased the sucrose content of the second- and third-ratoon 
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TABLE 6.—Mean sucrose-percent-cane produced by the 4 sugarcane varieties when grown 
at different fertilizer levels 





| Treatment in pounds per N ia 4 ‘3 
Mean yield as sucrose-percent-cane for — 


acre of — 
Treatment | 

No. ——— mannan : is iam Se ee hee zz 
N POs KO Plant | _ First Second Third All 4 
. : ‘ cane ratoon ratoon ratoon crops 
1 0 300 300 | 13.68 11.20 11.69 10.82 11.88 
2 125 300 300 13.32 11.46 12.30 11.72 12.20 
3 250 0) 300 | 13.64 11.10 12.65 11.56 12.24 
4 250 150 300 13.80 11.37 12.46 12.08 12.43 
5 250 300 0 | 138.41 11.24 12.48 11.85 12.25 
6 250 300 150 | 13.41 11.56 12.45 11.86 12.32 
7 250 300 300 | 13.56 11.44 12.49 ity a ig 12.31 


Mean for all treatments.... 13.54 11.34 12.36 11.67 12.23 





Least significant difference | 
needed between treatments 
of same crop at: 
5-percent level. 0.29 0.31 0.35 0.45 0.24 
1-percent level. . 39 51 47 .60 32 


crops, this difference being statistically significant at the 1-percent level. 
The use of up to 250 pounds of nitrogen neither increased nor decreased the 
sucrose content significantly as compared with results from the first 125 
pounds of nitrogen. 


PHOSPHORUS 


The use of phosphate fertilizer did not affect the sucrose content of the 
cane consistently (table 6), although the sucrose content differed from 
year to year and from crop to crop. These differences were significant 
statistically for the first ratoon when 300 pounds of phosphorus fertilizer 
was applied and for the third ratoon when 150 pounds of phosphorus 
fertilizer was used. The mean of the four crops showed no definite response 
to phosphorus fertilizer. 


POTASSIUM 


The use of potash fertilizer did not change the sucrose concentrations 01 
the cane in any of the four crops grown (table 6). 


Tons of Cane per Acre 


The response in tons of cane per acre was similar to and tended to follow 
the same general pattern of the yield as hundredweights of sugar per acre 
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TaBLE 7.—Mean yield of the 4 sugarcane varieties in tons of cane per acre, when grown 
at different fertilizer levels 


Treatment in pounds per acre of — Mean yields in tons of cane per acre for — 
Treatment 2 ————- . -—— wa ———_-— = 

a N POs KO Plant First Second Third All 4 
cane ratoon ratoon ratoon crops 

l 0 300 300 54.8 20.4 24.7 14.9 28.7 
2 125 300 300 56.4 28.1 33.9 21.7 35.0 
3 250 0 300 53.9 25.8 28.5 19.9 31.0 
4 250 150 306 59.7 yf 34.4 24.2 35.4 
5 250 300 0 56.5 27.8 32.2 23.6 35.0 
6 250 300 150 55.3 29.1 35.2 24.3 36.0 
(3 250 300 300 56.4 28.9 35.8 25.5 36.7 
2 32.1 22.0 34.0 


Mean for all treatments.... 55.6 26: 


compare tables 7 and 5). The greatest response was to nitrogen, then to 
phosphorus, and the least to potassium. 

INDIVIDUAL-VARIETY RESPONSES, DISREGARDING THE EFFECTS OF 

FERTILIZER TREATMENTS 
Yield of 96° Available Sugar per Acre 

The leading two varieties, P.R. 902 and P.R. 905, had significantly 
greater yields of sugar per acre than the other two, P.O.J. 2878 and M. 28 
table 8). M. 28 produced significantly higher yields than P.O.J. 2878 
for the plant cane and the first two ratoon crops, but failed to do so in the 
third-ratoon crops. The mean yields of all four crops show that the varie- 
ties PR. 902 and P.R. 905 produced considerably more sugar per acre 
than did M. 28 and P.O.J. 2878. These differences are statistically sig- 
nificant at the 1-percent level. 


Sucrose-Percent-Cane Content 

Sugarcane variety P.O.J. 2878 had the lowest sucrose content of the 
jour varieties in this experiment (table 9). M. 28, P.R. 902, and P.R. 905 
produced the highest sucrose-percent-cane, there being no significant 
sucrose-content difference between them. P.R. 905 failed significantly to 
outyield P.O.J. 2878 in the second-ratoon crop. The mean of four crops 
shows that M. 28 had the highest sucrose-percent-cane, followed by P-.R. 
405, and 902 and P.O.J. 2878 the least. 


Tons of Cane per Acre 
Varieties P. R. 902 and 905 had the highest yields in tons of cane per acre, 
with means of 41.9 and 39.4 tons, respectively. Next came M. 28 and then 











TABLE 8.—Mean yields of each of the 4 varieties of sugarcane, in hundredweights of 
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available 96° sugar per acre, disregarding the effects of different fertilizer treatments 





—$—$—____ 


Mean yield in hundredweights of available 96° sugar 
per acre for — 














Variety ———e —_ ee eS 

Plant First Second Third All 4 

cane ratoon ratoon ratoon crops 

M. 28 Se ees ee eee ee 131 54 70 38 73 

Gh Oe.) big : 124 42 61 38 66 

eM bo i eae vant aehiwe avd gad 178 74 99 67 104 

P.R. 905. . 170 70 88 64 98 

Mean ; 151 60 80 52 86 
Least significant difference needed be- 

tween varieties of same crop at: 
5-percent level 11 7 6 6 6 
1-percent level. . a v 14 9 9 8 8 


P.O.J. 2878 yielding a mean of 29.1 and 28.7 tons, respectively (table 10). 
The two P.R. sugarcane varieties produced the highest tonnage. The 
other two varieties yielded about alike. In this experiment yields decreased 
considerably from year to year. The two P.R. varieties proved to be the 
best adapted to this region. 


INDIVIDUAL-VARIETAL RESPONSES AT DIFFERENT FERTILIZER 
LEVELS 
Available 96° Sugar per Acre 
NITROGEN 
All four varieties failed to respond significantly to nitrogen applications 
in the plant-cane crop. For the ratoon crops, however, the response to 125 
pounds of nitrogen per acre was significant (table 11). Varieties M. 28 and 
P.O.J. 2878, which had the lowest yields, increased in yield 100 percent 
and over when 125 pounds of nitrogen was used in the third ratoon. The 
higher yielding varieties P.R. 902 and P.R. 905 showed no such large 
increases from nitrogen applications. However, it should be remembered 
that the yields of these varieties were equal to or greater than the highest 
yields of the poorer yielding varieties when grown without nitrogen. It 
appears that nitrogen is urgently needed to maintain yields of low-yielding 
varieties such as M. 28 and P.O.J. 2878 in the older ratoon crops. 
Under the conditions of this experiment the use of more nitrogen for 
the ratoons was of greater benefit than for the plant cane, whereas, normal 
practice is to favor the plant cane with higher nitrogen applications. None 
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Taste 9.—Mean surcose-percent-cane produced by each of the 4 varieties of sugarcane, 
disregarding the effects of different fertilizer treatments 





Mean yield in sucrose-percent-cane for — 











Variety | 
Plant First Second Third All 4 
cane ratoon ratoon ratoon crops 
BE en any seat che core ea saeh “18868 11.68 12.87 12.02 12.55 
DORN a Orc e603 SS soe enees Screg ccf aera 10.67 11.81 10.52 11.50 
PR: 002... ih edt gia he : 13.74 11.46 12.50 11.94 12.41 
1122.01) Sa? nae lal S27 {:. 1.55 12.27 12.18 12.45 
Mean Seer Sach alee 11.34 12.36 11.67 12.23 
Least significant difference 
needed between treatments 
of same crop at: 
5-percent level.............. 0.35 0.47 0.52 0.41 0.28 
l-percent level... .. eee 48 65 71 57 36 


Taste 10.—Mean yields of each of the 4 varieties of sugarcane, in tons of cane per 
acre, disregarding the effects of different fertilizer treatments 








Mean yields in tons of cane per acre for — 


Variety ee ee ee ee _— 
Plant cane First ratoon Second ratoon | Third ratoon All 4 crops 
M. 28 Ratner 49.4 23.1 27.2 15.8 29.1 
POW. 2878.5 0: Tie | 19.7 25.8 18.1 28.7 
PR: 902... ee 64.8 31.8 39.6 28.1 41.9 
POOR cs 3 : 61.7 30.3 35.9 26.3 39.4 
MAA atc <4 occas 50.9 26.2 32.1 22.1 34.8 





of the varieties made a significant yield increase when 250 pounds of 
nitrogen per acre were used in lieu of 125 pounds. 


PHOSPHORUS 
None of the varieties responded significantly to phosphorus in the 
plant cane. In the ratoon crops, the yields of the lower yielding varieties, 
M. 28 and P.O.J. 2878, increased highly significantly when 150 pounds of 
POs per acre were applied. The highest yielding variety, P.R. 902, did not 
produce so significant an increase. However, P.R. 905, the second highest 
yielder, did respond sharply to P.O; in the ratoon crops. In general, the 
need for P.O; increased with an increasing number of ratoons. 
The use of 300 pounds of P.O; per acre did not produce significant yield 











84 





JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 





increases for any of the varieties when compared with the 150-pound P,0, 
application (table 11 and fig. 2). It is altogether probable that even the 
first increment of 150 pounds of P.O; per acre was excessive, and that rates 


up to 100 pounds of P.O; per acre are sufficient for this soil. 


Of those tested, variety P.R. 902 showed the best capacity for utilizing 


TABLE 11.—Yvelds of each of the 4 varieties of sugarcane, in hundredweights of available 
96° sugar per acre, when grown at different fertilizer levels 


Treatments in pounds per acre of — 





Mean yield in hundredweights of available 96° sugar per 

















































acre for — 
: ooo Ee — 
: > , Plant First Second Third Mean of 
. me | mo | | Be | | | ee 
M. 28 
0 300 300 135 39 45 18 59 
125 300 300 124 60 73 39 74 
250 0 300 120 42 64 35 65 
250 150 300 132 53 86 41 78 
250 300 6 140 63 70 | 46 80 
250 300 150 130 61 75 | 42 77 
250 300 300 133 60 80 | 47 80 
Mean for all treatments......... 131 | 54 70 | 38 73 
Significant difference needed be- | 
tween treatments of same 
crops: | 
5-percent level................. 9 | 13 i3 | 11 10 
i-percent level .. 6... ..2.6.<).563440644 2 | (17 | 5 13 
P.O.J. 2878 
0 300 300 112 31 40 20 51 
125 300 300 124 43 64 | 40 68 
250 0 300 125 29 53 29 59 
250 150 300 127 45 | 67 | 45 71 
250 300 0 126 | 40 60 | 40 67 
250 300 150 | 181 | 54 72 45 76 
250 300 300 | 124 | 50 | 71 46 73 
Mean for all treatments..... : | 124 | 42 61 38 66 
Significant difference needed be- | 
tween treatments of same crops: 
BEPGUCOM GMO VON 6 oo s.s5ci5 3 ei ie-s's ers 19 13 13 11 10 
METGICEDUMOVOL 6... soso seicsce a ens 5 13 
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Treatments in pounds per acre of — 


TABLE 11.—Continued 


FIRST 
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acre for — 





) 


Mean yield in hundredweights of available 96° sugar per 
































: | ; Plant First | Second | Third | Mean of 
N P2Os K:0 | pen stem | i ratoon | 4 on 
P.R. 902 
0 | 300 300 185 62 85 52 96 
125 | 300 300 177 76 102 57 103 
250 | 0 300 179 | 92 67 102 
250 150 300 187 | 77 99 80 111 
250 | 300 0 171 74 102 68 104 
250 300 150 167 80 107 76 106 
250 | 300 300 182 | 75 103 72 108 
| 
Mean for all treatments......... 178 | 7 99 | 67 | 104 
Significant difference needed be- 
tween treatments of same | 
crops: | | 
beneroentlevell:. 244 20008. sets ss If | 18 is | 10 
l-percent level........ en 25 17 17 | 15 13 
P.R. 905 
SEER EERE A 
0 | 300 300 167 51 62 40 80 
125 300 300 178 79 95 68 105 
250 | 0 300 166 55 | 79 55 89 
250 | 150 300 170 le 91 68 101 
250 300 0 170 | 74 91 71 102 
250 | 300 150 166 | 75 9% | 7 102 
250 300 300 174 | 80 103 | 75 108 
i See See ae | ee | 
Mean for all treatments 170 70 | 88 | 64 98 
Significant. difference needed be- | | 
tween treatments of same | 
crops: | | | 
ODERCONG OVEN. 25s. 09. cevcnte ny | 19 3 13 | 1k | 10 
l-percent level. ........ ec) 25 17 We | 15 | 13 








the available phosphorus in the soil. Not only did it give the highest yields, 
but it did so with smaller fertilizer applications. 


POTASSIUM 


None of the varieties responded significantly to potash in plant cane 


or ratoons (table 11 and fig. 2). There was no response to potassium in 
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the high- or low-yielding varieties, not even with the increasing number 
of ratoons. 


Sucrose-Percent-Cane Content 


The use of nitrogen did not produce any decrease in sucrose for the mean 
of four crops of the four varieties (table 12). In general, the response was 
similar for all varieties in that the plant cane showed a reduction in sucrose 
with nitrogen, whereas the ratoons showed increases in sucrose with 
nitrogen applications. 

When phosphorus was applied to P.O.J. 2878 it produced a severe re- 
duction in sucrose content; compare the no-phosphorus and the 150-pound- 
P.O; treatment per acre for the third ratoon (table 12). When P.O; was 
omitted the mean sucrose content decreased significantly in all four crops. 

There were no significant differences in yield at the various potassium 
fertility levels. 


Tons of Cane per Acre 
Table 13 shows a variety response at different fertilizer levels similar to 


that observed for yields in hundredweights of sugar per acre. 


NITROGEN PHOSPHORUS POTASSIUM 
220 120 r 120)... 
































YIELDS (HUNDREDWRIGHTS OF AVAILABLE 96° SUGAR PER ACRE) 


FERTILIZER APPLIED (POUNDS PER ACRE) 
Fic. 2.—Yield response of the 4 sugarcane varieties to nitrogen, phosphorus, and 
potassium when used as fertilizers. 
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Reduction in Yields of Individual Varieties from Omission of Specific 
Fertilizer Elements 


As a guide to the fertility status of the soil in relation to the available 
wutrients it could supply to the cane crop, reductions in yield from the 


TaBLE 12.—Sucrose-percent-cane produced by each of the 4 varieties of sugarcane when 


Treatments in pounds per acre of — 





Mean sucrose-percent-cane content of — 





grown at different fertilizer levels 


Mean of 





























; ' Plant First Second Third 
N P205 K:0 ae enaaen ars Pisce 4 crops 
M. 28 
0 300 300 13.59 11.69 12.39 11.38 12.26 
125 300 300 13.13 12.19 12.80 12.24 12.59 
250 0 300 13.43 11.58 13.58 12.07 12.67 
250 150 300 13.83 11.50 12.81 12.43 12.64 
250 300 0 13.77 11.58 12:21 12.1) 12.42 
250 300 150 13.40 11.53 13.03 11.76 12.42 
250 300 300 14.21 11.65 13.26 12.22 12.84 
Mean for all treatments 13.26 FL 67 12.86 12.02 12.55 
Significant difference needed be- 
tween treatments of same 
crops at: 
5-percent level. . 0.31 0.84 0.72 0.91 0.45 
1-percent level 41 1.10 94 1.19 63 
P.O.J. 2878 
> —— y 
0 300 300 13.30 10.71 10.51 9.44 10.99 
125 300 300 12.98 10.73 3 ey 10.41 | 11.46 
250 0 300 13.23 9.95 12.08 9.75 | 11.25 
250 150 300 13.19 10.44 12.08 11.24 | 11.74 
250 300 0 12.93 | 10.69 12.22 10.99 | TE.71 
250 300 150 12.99 11.20 11.96 10.85 11.75 
250 300 300 12.44 11.00 12.10 10.96 | 11.63 
See | 
Mean for all treatments....... 13.01 | 10.67 | 11.81 | 10.52 | 11.50 
—— poe | 
Significant difference needed be- | 
tween treatments of same | | 
crops at: | 
5-percent level........ 0.31 | 0.84 | 0.72 0.91 0.43 
l-percent level.......... | .94 1.19 | .63 





Al | 1.10 
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TABLE 12.—Continued 





Treatments in pounds per acre of — 


Mean sucrose-percent-cane content of — 





Third Mean of 
































, . : Plant First Second 
N P20s K:0 aan minim =a ratoon 4 crops 
P.R. 902 
0 300 300 13.90 11.22 12.05 11.09 12.07 
125 300 300 13.68 LMS 12.60 12.00 12.36 
250 0 300 13.85 11.50 12.50 11.86 12.43 
250 150 300 13.77 11.48 47 12.21 12.41 
250 300 0 13.65 11.62 13.19 12.12 12.65 
250 300 150 13.37 11.79 12.48 12.23 12.47 
250 300 300 13.99 11.44 12.48 12.07 12.50 
Mean for all treatments. ...... 13.74 11.46 12.50 11.94 12.41 
Significant difference needed be- 
tween treatments of same 
crops at: 
5-percent level...... 0.31 0.84 0.72 0.91 0.43 
l-percent level... ............ 41 110 94 1.19 .63 
P.R. 905 
0 300 300 13.73 11.20 11.84 11.36 12.03 
125 300 300 13.49 11.76 12.11 12.24 12.40 
250 0 300 14.06 11.35 12.42 12.59 12.61 
250 150 300 14.41 12.05 12.07 12.45 12.92 
250 300 0 13.29 11.10 12.30 12.17 12.22 
250 300 150 13.87 11.74 12.32 12.66 12.65 
250 300 300 13.59 11.67 12.12 11.81 12.30 
Mean for all treatments. . 13.78 11.55 12.27 12.18 12.45 
Significant difference needed be- 
tween treatments of same 
crops at: 
5-percent level...... 0.31 0.84 0.72 0.91 0.43 
1-percent level...... Al 1.10 63 


94 1.19 


omission of specific fertilizer elements were determined. The results are 


presented in table 14. 


The greatest reduction in yields occurred when nitrogen was omitted. 
P.O.J. 2878, which gave the lowest mean yields of available 96° sugar per 
acre (table 11), showed the greatest reduction in vields when nitrogen was 


omitted (table 14), whereas, P.R. 902, which gave highest yields, showed 
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Treatments in pounds per acre of — 














Mean yields in tons of cane per acre for — 





TABLE 13.— Yields of each of the 4 varieties of sugarcane, in tons of cane per acre, 
when grown at different fertilizer levels 


Third | Mean of 








: aoe ‘ Plant First Second 
N P205 K:0 aa vaean pra ratoon 4 crops 
M. 28 
0 300 300 49.7 16.7 18.2 7.9 24.1 
125 300 300 47.2 24.6 28.5 15.9 29.4 
250 0 300 14.7 18.1 23.6 14.5 25.7 
250 150 300 47.7 23:0 33.6 16.5 30.9 
256 300 0 50.8 27.2 28.7 19.0 32.2 
250 300 150 418.5 26.5 28.8 17.9 31.0 
250 300 300 46.8 25.8 30.2 19.2 31.2 
Mean for all treatments. 49.4 23.1 27.2 15.8 29.1 
P.O.J. 2878 
re fo se a res 
0 300 300 42.1 14.5 19.0 10.6 23.2 
125 300 300 47.8 20.0 27.3 19.2 29.7 
250 0 300 47.2 14.6 21.9 14.9 26.2 
250 150 300 48.1 21.6 20.0 20.1 30.2 
250 300 0 48.7 18.7 24.5 18.2 28.6 
250 300 150 50.4 24.1 30.1 20.7 32.2 
250 300 300 49.8 22.7 29.3 21.0 31.4 
Mean for all treatments. 47.7 19.7 25.8 18.1 28.7 
P.R. 90 
0 300 300 66.5 27.6 35.< 23.4 39.8 
125 300 300 64.7 34.1 40.5 23.8 41.7 
250 0 300 64.6 30.4 36.8 28.2 41.0 
250 150 300 67.9 33:0 40.7 32.8 44.7 
250) 300 0 62.6 31.8 38.7 28.1 | 41.1 
250 300 150 62.5 33.9 42.9 31.1 | 42.5 
250 300 300 65.0 32.8 41.3 29.8 | 43.2 
Mean for all treatments 64.8 31.8 39.6 28.1 41.9 
P. ie: 905 
0 300 300 60.8 | 22.8 26.2 17.6 $3.3 
125 300 300 66.0 35.6 39.2 27.8 42.3 
250 0 300 59.0 24.2 31.8 21.8 35.3 
250 150 306 59.0 30.: 35.6 27.3 39.1 
250 300 0 64.0 echoes 37.0 29.2 41.7 
250 300 150 59.8 31.9 39.0 a.6 40.3 
250 300 300 64.0 34.3 42.5 31.8 43.9 
for all treatments 61.7 30.3 35.9 | 26.3 | 39.4 


Mean 
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TABLE 14.—Percentage reductions in yield of available 96° sugar per acre for each of 
the 4 varieties of sugarcane attributable to the omission of nitrogen, phosphorus, 





and/or potassium 









Variety and crop 

































Mean 





Percentage reduction in yield from omission of — 
































45.00 


21.73 


; Witenes Phosphorus Penal 
M. 28: 
Plant cane —1.48 9.77 —5.00 
First ratoon 35.00 30.00 —5.00 
Second ratoon 43.75 20.00 12.50 
Third ratoon 61.70 25.53 2.13 
Mean 26.25 18.75 0 
P.O.J. 2878: | 
Plant cane 9.68 —0.80 —1.59 
First ratoon 38.00 42.00 20.00 
Second ratoon 43 .66 25.35 15.49 
Third ratoon 56.52 36.96 13.04 
Mean 30.14 19.17 8.22 
P.R. 902: 
Plant cane —1.62 1.64 6.04 
First ratoon 17.33 6.67 1.33 
Second ratoon 17.48 10.68 97 
Third ratoon 27.78 6.94 §.55 
Mean 1144 5.55 3.70 
P.R. 905: 
Plant cane 4.02 4.60 2.30 
First ratoon 36.25 31.25 7.50 
Second ratoon 39.80 23.30 11.65 
Third ratoon 46.67 26.67 | 5.33 
Mean 25.93 17.59 5.55 
Mean of four varieties: 
Plant cane 1.96 Oran 0.65 
First ratoon 30.30 25.75 1.54 
Second ratoon 34.83 19.10 8.99 
Third ratoon 21.66 6.67 
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the smallest reduction. Thus it appears that P.O.J. 2878 needs nitrogen 
tilizers more than P.R. 902 to prevent yield reductions. For the mean 
{four crops and four varieties this reduction was 21.75 percent. The 
reduction in yield increased as the number of ratoons increased, and was 
most negligible for the plant cane. 

The omission of phosphorus produced the second highest reduction in 
ried. This reduction was greatest for P.O.J. 2878, M. 28, and P.R. 9085, 
in that order. P.R. 902 showed a very small reduction as compared with 
the other three varieties. 

The reduction from the absence of potash was the lowest with a mean of 
135 (table 14). P.O.J. 2878 underwent the greatest yield reduction when 
potash was absent. M. 28 showed no mean reduction in yield for the four 
«ops when potash was omitted. 


FOLIAR DIAGNOSIS 


Foliar analysis was not undertaken until the third ratoon of this ex- 
periment. However, interesting and useful data were obtained concerning 
the levels of the nutrient in the cane leaf and yields of cane, even for this 
oe crop. The analyses of the leaf samples are given in table 15. 


Nitrogen 
Leaf nitrogen increased in all varieties when increasing applications of 


uitrogen fertilizer were made to the soil. When no nitrogen was added to the 


TaBLE 15.—Nitrogen, phosphorus, and potassium contents of dry leaf samples taken 
from the 4 varieties of sugarcane when grown at different fertilizer levels, and yield 
per acre 





Tate | 


Treatment in sila = 
per acre of — Content of leaf sample of | ret 
ield o 
| Fertilizer element — | | available 96° 
| Mean of| sugar per acre 

>» > > 
N | P:Os | K20 | re | tm | Oe) eae ae 











8 rieties 

cow ey: ee : a 4 a ae mee a: < | | 
| Percent | Percent | Percent | Percent Percent | Cwt. 
0 300 | 300 | 1.41 | 1.42 | 1.37 | 1.36 | 1.39 | 33 
125 | 300 | 300 | Nitrogen 1.51 | 1.54 | 1.50 | 1.76 | 1.56 | 51 
250 300 | 300 1.78 | 1.83 | 1.80] 1.86) ¥-82 60 
250 0 | 300 | oka 18 AG 16 16 47 
250 | 150 | 300 Phorphorus .20/ .20} .20; .20| .20 59 
250 | 300 | 300 .22 24 20 .26 24 60 

| 
250 300 0 2.11 | 2.66 | 2.33 | 2.31 | 2.35 58 
250 | 300 150 Potassium 2.42 | 2.58 | 2.30 | 2.14 | 2.36 60 
300 2. 2. 2. 
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soil, the mean nitrogen content of the leaf for the four varieties was 1,39 
percent. When 125 pounds of nitrogen per acre was added it rose to 1.56; and 
when 250 pounds of nitrogen were used, the leaf nitrogen content was 1,82 
percent. 


Phosphorus 


The concentration of phosphorus in the leaf increased with phosphate 
fertilizer additions. The leaves contained only 0.16 percent of phosphorus 
when this element was not applied to the soil, which was lower than any 
values elsewhere encountered for leaf phosphorus of cane in Puerto Rico, 
The third ratoon gave significant yield increases with phosphate applica- 
tion, so that these low values were associated with phosphorus deficiencies, 
The use of 150 pounds of P.O; per acre raised the mean phosphorus con- 
tent of the leaves to 0.20 percent, and 300 pounds of P.O; applied per acre 
gave mean leaf values of 0.24 percent. 


Potassium 


The leaf potassium values were all above 2 percent. There was no con- 
sistent increase of potassium in the leaf when potash was applied to the soil, 
although the mean when 300 pounds of KO per acre were used was 2.46 
percent, whereas the mean was only 2.35 when none was applied. The 
potassium values were higher for all treatments than those of the Arecibo 
experiment (3). 


Interpretation of Foliar-Analysis Data 


Nitrogen applications produced significant yield increases, and, there- 
fore, increased leaf-nitrogen values, for the no-nitrogen treatment may be 
assumed to indicate nitrogen deficiency; the cane plant should then respond 
significantly to nitrogen applications. A leaf nitrogen content of 1.39 per- 
cent at 3 months represented nitrogen deficiency for the mean of the four 
varieties. This figure may be compared with the 1.41-percent leaf nitrogen 
for the no-nitrogen treatment of the Arecibo cycle (3). Since there was still 
a significant yield response when 250 instead of 125 pounds of nitrogen per 
acre were applied, it must be assumed that leaf-nitrogen concentrations 
above 1.56 percent still indicate that the cane would respond to nitrogen 
fertilizer. This yield response would not be so great with leaf-nitrogen values 
around 1.56, as at values near 1.40 percent or below. It appears that leaf 
nitrogen of about 1.60 percent and below indicates the possibility that 
ratoons sampled at 3 months would respond to nitrogen. The more the leal- 
nitrogen concentrations fall below this level, the greater the response t0 
nitrogen applications would be. 
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Yield responses to phosphate applications were significant in this ex- 
periment. Leaf-phosphorus values of 0.16 percent were associated with the 
no-phosphorus treatment, while the use of 150 pounds of P.O; gave leaf 
values of 0.20 percent of phosphorus. As no significant yield increases were 
obtained when more than 150 pounds of P.O; was used, it appears that 
leaf-pbhosphorus values below 0.20 and near 0.16 percent are associated 
with phosphorus deficiency, and that there would be positive responses to 
phosphate fertilizers. In the Arecibo experiment, where there was no sig- 
nificant yield response to phosphates, all leaf-phosphorus values were 
above 0.20 percent (3). 

There was no significant yield response to potash applications, and leaf- 
potassium values were all above 2 percent. In the Arecibo experiment where 
responses to potassium were obtained, the leaf-potassium values were gen- 
erally below 2, and they approached this value only with the use of 300 
pounds of K,O per acre. Therefore, in the Isabela experiment, the leaf- 
potash values above 2 percent indicated that no increased cane yields 
should have been expected when potash fertilizers were applied. 

PRACTICAL RECOMMENDATIONS 
Varieties 

Of the four sugarcane varieties tested, M. 28, P.O.J. 2878, P.R. 902, 
and P.R. 905, varieties P.R. 902 and P.R. 905 were best and yielded the 
most cane per acre. There was no significant difference in sucrose content 
between varieties M. 28, P.R. 902, and P.R. 905. P.O.J. 2878 had a signifi- 
cantly lower sucrose content than the other three varieties. P.R. 902 
and P.R. 905 gave the highest yields of 96° available sugar per acre and 
should be used in preference to the other two varieties. 

Fertilizers 

The response to fertilizer application was greatest for nitrogen, less for 
phosphorus, and least for potassium. For sugarcane growing on Coto clay 
and similar soils in the Isabela area, the fertilizer recommendations are: 


Plant cane 





Nitrogen—125 to 250 pounds of N per acre 
Phosphorus—75 to 100 pounds of P.O; per acre 
Potassium—50 to 75 pounds of K,O per acre 


Ratoons 


Nitrogen—125 to 250 pounds of N per acre 
Phosphorus—100 to 150 pounds of P.O; per acre 
Potassium—50 to 75 pounds of K,O per acre 
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SUMMARY 

A variety-fertilizer experiment using four varieties of sugarcane grown 
at seven different fertilizer levels was carried on for a plant cane and three 
ratoons at the Isabela Substation on a Coto clay. The major results were: 

(1) Nitrogen gave the highest yield increases in hundredweights of 96° 
available sugar per acre. 

(2) Phosphate fertilizers gave significant increases in yields of cane for 
the ratoon crops. 

(3) Potasium fertilizers did not increase the yield of sugar per acre. 

(4) Applications of nitrogen, phosphorus, or potassium did not signifi- 
cantly influence sucrose concentrations in the cane. 

(5) The leading two varieties, P.R., 902 and P.R. 905, gave significantly 
greater yields of sugar per acre than the other two varieties, P.O.J. 2878 and 
M. 28. 

(6) All varieties maintained their relative yielding power when tested 
at various fertilizer levels. 

(7) The reductions in yield from the omission of a fertilizer element for 
the mean of four crops were 22, 14, and 4 percent for nitrogen, phosphorus, 
and potassium, respectively. 

(8) Foliar analysis was made for leaves of the third ratoon only. Nitrogen 
values below 1.39-percent dry matter in the leaf represented definite defici- 
ency, and response to nitrogen applications could be expected. Values of 
0.16 percent of phosphorus in the leaf represented phosphorus deficiency, 
while there was no response to phosphates when the percentage was 0.20 or 
above. The potassium leaf values were above 2 percent and no yield 
responses were obtained at any potash level. 

RESUMEN 

En la Subestacién de Isabela se establecid, en un suelo arcilloso Coto, 
un experimento combinado de siete tratamientos de abonos y cuatro 
variedades de cafia de azticar. Los resultados sobresalientes para una 
plantilla y tres retofios son los siguientes: 

(1) El uso del nitrégeno produjo los aumentos mas significativos en 
quintales de azticar 96° por acre. 

(2) La aplicacién de fésforo produjo aumentos significativos solamente 
en los retonos. 

(3) Los rendimientos no se aumentaron significativamente por el uso 
de potasio. 

(4) El por ciento de sacarosa en la cafia no fué afectado por la aplica- 
cidn de los elementos nutritivos nitrégeno, fésforo y potasio. 

(5) Las variedades P.R. 902 y P.R. 905 produjeron rendimentos de 
azticar por acre mas altos que las variedades P.O.J. 2878 y M. 28. 
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(6) Los rendimientos relativos de las distintas varicdades mantuvieron 
aumentos similares a distintos niveles de fertilidad. 

(7) El por ciento de reduccién debido a la ausencia de alguno de los 
elementos principales fueron de 22, 14 y 4 por ciento para nitrégeno, fésforo 
y potasio, respectivamente. 

(8) El estudio de andlisis foliar se inicié para el tercer retofio solamente. 
Por cientos de nitrégeno menores de 1.39 en la hoja, a base de materia seca, 
representa una deficiencia de este elemento nutritivo y su aplicacién 
representaria un aumento en los rendimientos. Valores de 0.16 por ciento de 
fésforo en la hoja representa una deficiencia, mientras el valor de .20 por 
ciento o mds no responden a los fosfatos. El valor del potasio en la hoja 
fué de 2 por ciento o mas y no se obtuvieron aumentos significativos por el 
uso de este elemento nutritivo. 
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COMPARISON OF GUINEA GRASS-TROPICAL KUDZU, PARA 
GRASS, PANGOLA GRASS, AND ST. AUGUSTINE GRASS As 
PASTURE CROPS IN THE YABUCOA VALLEY IN EASTERN 
PUERTO RICO! 


L. Rivera-Brenes, J. I. Cabrera, and L. F. Colén? 
INTRODUCTION 


Puerto Rico is rather a small Island but with very marked soil and 
climatic differences between regions. Therefore it was decided to extend 
the Station’s work on pasture improvement and evaluation to regions of 
the Island other than the north coast where the Main Station is located, 
Hence, an experiment was carried out on a farm of Agripino Roig, at 
Yabucoa. This experiment lasted for 2 years. 

LITERATURE REVIEW 

The carrying capacity of Para grass in a well-drained soil on the Agricul- 
tural Experiment Station’s Farm, at Rio Piedras, was determined as one- 
half an adult head per acre (1)%. Because of the topography of the soil and 
a prolonged drought this was a rather brief experiment. The carrying 
‘apacity of an unfertilized Guinea grass-tropical kudzu mixture in the 
same location was found to be one adult head per acre (4). The results 
obtained demonstrated that this grass-legume combination is a very de- 
sirable pasture crop. 

Unpublished results for fertilized St. Augustine grass pasture on the 
same farm (5) showed a carrying capacity of nearly one adult head per acre. 
This grass matures very fast, becoming hard and umpalatable. 

1 This is the fifth in a series of papers published under the general title: The utili- 
zation of grasses, legumes, and other forage crops for cattle feeding in Puerto Rico. 
Previous papers in this series appeared as follows: I, Comparison of Guinea 
grass, Pard grass ‘“‘Malojillo’’, and a mixture of Pard grass and tropical kudzu as 
pasture crops, L. Rivera-Brenes, J. Agr. Univ. P. R. 31 (2) 180-89 1947. II, Com- 
parison of fertilized guinea grass, Par& grass and tropical kudzu, and tropical kudzu 
alone as pasture crops, L. Rivera-Brenes, F. J. Marchén, and J. I. Cabrera, 
J. Agr. Univ. P. R. 33 (3) 85-97 1949. III, Comparison of fertilized guinea grass, 
Par& grass and tropical kudzu, and Guinea grass and tropical kudzu, L. Rivera- 
Brenes, F. J. Marchén, and J. I. Cabrera, J. Agr. Univ. P. R. 34 (4) 309-15 1950. IV, 
Comparison of Fertilized Guinea grass, Pardé grass, tropical kudzu and Guinea grass, 
and tropical kudzu, L. Rivera-Brenes, F. J. Marchdén, and J. I. Cabrera, J. Agr 
Univ. P. R. 36 (2) 108-14 1952. 

2 Animal Husbandman, Head of Department; Associate Animal Husbandman; and 
tesearch Assistant in Chemistry, respectively, Agricultural Experiment Station, 
University of Puerto Rico, Rio Piedras, P. R. 

3 Numbers in parentheses refer to Literature Cited, p. 104. 
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No grazing experiments had yet been performed with Pangola grass on 
the Main Station Farm. 

PROCEDURE 

The procedure followed was the same as for previous experiments per- 
formed at the Station (1). Three grasses and a grass-legume combination 
were included in the trial: Pangola, Digitaria decumbens; long-stemmed St. 
Augustine, Slenotaphrum secundatum; Parad, Panicum purpurascens; and 
Guinea grass-tropical kudzu, Panicum maximum-Pueraria phaseoloides. 

The experiment was established on a farm near La Laura village at 
Yabucoa, Puerto Rico, in a Vivi loam—a Talante loam complex with the 
Vivi loam predominating. These soils are alluvial, deep and fertile, and 
derived from corase-grained granitic material. Normally, this soil (Vivi 
lam) drains well, but since a large quantity of water comes down from 
the nearby hills, good and deep drainage ditches had to be provided to re- 
move a great volume of water as fast as possible. The land was prepared as 
usual for grasses and the drainage ditches were properly located. 

Pieces of stems were used for planting Pangola, St. Augustine, and Para 
grasses. They were planted in furrows 12 to 15 inches apart so as to get 
the plots covered as fast as possible. Pieces of roots (‘‘macollas’’) were 
used for planting Guinea grass. It was planted in rows as usual, but in- 
stead of the rows being 24 to 30 inches apart, they were 40 to 50 inches 
apart. The tropical kudzu was planted in between the rows of Guinea grass 
at a rate of 8 pounds of seed per acre. The seed was pregerminated to 
ensure the stand. 

A 15-4-7 fertilizer was applied to the grasses at a rate of 400 pounds per 
acre per application. Three applications were made during the first year of 
the experiment and two during the second. 

The animals used were scrub bullocks bought by the cooperator for that 
purpose. They ranged in age from 7 to 12 months and each group was 
balanced as closely as possible as to weight and age. They were in fairly 
good condition when the experiment started. 

The animals were weighed at the beginning of the trial and from there on 
once monthly at around 8:30 a.m. 

Rotational grazing was followed as in previous trials (2), (3), (4). The 
“put-and-take”’ system was used to ensure a complete utilization of the 
roughage by the animals. Only during the early phases of the trial was 
there need to cut some excess roughage. No extra animals were available 
toadd to the plots at that period. 

The first year the grazing of each of the grass or grasslegume mixture 
enclosures started with two animals per acre. Additions were made to the 
Pangola, St. Augustine, and Guinea-tropical kudzu. One of the animals had 
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to be taken from the Para grass for some time; later it was returned. The 
second year Pangola and Guinea-tropical kudzu were started with three 
animals per acre, St. Augustine with four, and Para grass with two. Addi- 
tions and subtractions were made as the conditions of the pastures required. 

In 1951, the first year of the trial, the experiment lasted 273 days for 
Pangola and Para grasses, and for the Guinea grass-tropical kudzu mixture, 
and only 193 days for St. Augustine grass. In 1952, the second year of the 
experiment, it lasted 306 days for Pangola, Guinea grass-tropical kudzu, 
and St. Augustine, and 179 days for Parad. The animals used during 1951 
were sold at the end of the year, when they weighed between 700 to 800 
pounds. The end of the first grazing year coincided with the beginning 
of the dry period and the plots were rested for a little over a month. Ani- 
mals comprising the second bunch of bullocks were similar to those in the 
first as to weight, age, and breeding. 


RESULTS AND DISCUSSION 
Carrying Capacities 


The calculated carrying capacity, as well as the number or grazing days 
for each grass under trial, are given in table 1. 

The grasses were planted at the same time, so, the differences in number 
of grazing days were due to the fact that some of them were ready for grazing 
sooner than others. The first year the experiment started in February for 
Pangola, Parad, and Guinea-tropical kudzu, while St. Augustine was not 
ready until the beginning of May. St. Augustine grass was very slow in 
covering the ground. The Guinea-tropical kudzu mixture was first, St. 
Augustine second, and Pangola third in carrying capacity. Pard grass made 
the poorest performance. 


Income 


The results obtained for the Guinea grass-tropical kudzu combination 
were in line with the results of previous trials (4). The performances of 
Pangola and St. Augustine were very satisfactory also as compared to re- 


TABLE 1.—Grazing days and carrying capacities of the different pastures under trial, 








1951-52 
. ~ Yarrying capacity 
Pasture | Grazing days Standard cow-days Cc a —_ ? 
Number Adult-head 
Pangola grass... ais isde eidiaees nar 579 651 1.12 
Guinea grass-tropical kudzu....... 579 820 1.42 
SG AMGUBUINEBTASS. 5 2.6 cscs. cece 499 | 616 | 1.23 
| .87 
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TaBLE 2.—Gross incomes obtained from grazing the different pastures under trial, 
1951-52 





| 
1951 | 1952 
| 
Pasture 





Gain in weight| Gross income Ge ain in weight| Gross income 


| 


Conc crsleas=neielpitid Cita oe 








|  Lb./A. | Dollars | Lb./A. Dollars 
Pangola grass. | 697 | ms | 933 | 159 
Guinea grass-tropic: il Maden, 807 137 | 1,053 | 179 
St. Augustine grass................ | 573 97 730 124 
I eee on Deck sa | 513 | 87 400 | 68 








sults obtained at the Main Station Farm with the same and other grasses, 
2), (3), (4). The gains in weight of the animals and the gross incomes 
obtained with the difference pastures per acre per year are given in table 2 
These gains in weight represent total gains of two, three, and in some 
cases four bullocks grazing per acre on these grasses during each year. As 
noted earlier, the bullocks used weighed between 300 and 400 pounds at the 
beginning of each trial. 

Although the gross income per acre was high for Pangola, Guinea-tropi- 
cal kudzu, and St. Augustine, that for Pangola and Guinea-tropical kudzu 
was much better. The gross income for Para grass was low, probably 
because of poor adaptability of this grass to a light soil. 

Estimating the average expenses on a commercial farm to be around $50 
per acre, the net incomes obtained with the Guinea grass-tropical kudzu 
mixture and with Pangola grass would compare favorably with the average 
net incomes for sugarcane and plantains in Puerto Rico, $85 (6) and $111 
(1) per acre, respectively. These estimated average expenses per acre 
may seem to be somewhat high but in making this estimate the initial 
cost of establishing the pasture and the sizes of the pastures were taken 
into consideration. 

Another point to be considered in judging the practical value of these 
results is that the animals used were scrub cattle which do not have the 
efficiency of well-bred animals, especially those of the standard beef breeds. 


Analyses and T.D.N. of Grasses 
The average chemical analysis of the grasses is presented in table 3. 
St. Augustine grass matures very fast. This characteristic is reflected in the 
awerage crude-protein content as compared with that of the other grasses. 
It is interesting to notice the higher protein content of the grass-legume 
mixture. These results are very similar to others obtained in previous trials 
in this Station, (2), (3), (4). 
The average production of total digestible nutrients per acre is given 
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TABLE 3.—Average chemical analyses of the different pasture grasses under trial 





1951-52 
: s .<| Total Crate | =, | cs Nitrogen 
Pasture Samples a Ries | Ash | protein | Fat | Fiber fee 
extract 


a a —" | ae 


Number | Percent | Percent | Percent | Percent| Percent Percent 





a RRM 5 5 rk a 7, Be 13 78.99 | 9.78 | 10.18 | 2.01 | 29.84) 48.18 

Augustine grass...........) 14 | 77.51 | 9.43 | 8.14 | 1.55 | 29.79] 51.39 
ae grass-tropical eiten. ..| Id | FSs6t | E18 | 12-95 | 1.98 | 30.23) 43.09 
Para grass. caves ..| 12 | 78.87 | 10.46 | 11.21 | 2.20 | 29.25) 46.87 


TABLE 4.—Average production of total digestible nutrients per acre by the different 
_ pastures under trial, 1951-62 





Mean yield of total 





Jane > 
Pasture digestible nutrients 
Lb./A. 
gy sa RR acorn tc aia iy bis citi ta St eh PaO e 5,805 
Augustine grass..... site victiol le ae Ne oA 4,661 
oie 4 grass-tropical kien... Rae Re en 7,484 
Pare @raee. ....... 3,457 
Least significant differences between means: 
(PRASAD ISDE TED) EMA aie Aare ro or ty oan et eae Te Ea 43 
At 1-percent level............ See ee : 65 





in table 4. A highly significant difference was found between grasses, the 
legume-grass mixture taking first place. 

The differences in the number of grazing days were responsible for much 
of the difference in total digestible nutrients per acre for the 2 years of the 
experiment. But the real differences between the grasses are expressed much 
better by the figures obtained for carrying capacity which take into con- 
sideration both the number of grazing days and total digestible nutrients 
produced. We must realize though, that the differences in number of grazing 
days between the grasses resulted from their different capacities to es- 
tablish themselves, or to recuperate from the effects of grazing or drought, 
sufficiently to warrant the initiation of grazing. All of them were planted 
at the same time and given equal care. For example, the first year the graz- 
ing trial started in February for all grasses except St. Augustine which was 
not ready until 3 months later. At the start of the second year Para grass 
was not in grazing condition until 4 months later than the others. These 
facts are very important and must be considered in selecting a pasture grass. 
Rainfall was plentiful during the 2 years of the grazing trial, as shown it 
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TaBLE 5.—Monthly rainfall during the pasture trials from records kept by Central 
Roig, Yabucoa, P.R., 1951-52 








Month | 1951 | 1952 

Inches Inches 

RE oo) holds ao). Pee 2.11 | 2.30 
Matar es to norm heen eee ree 91 1.65 
Br hs ot ho ohn Ses Ouran 1.06 2.65 
eer eae eT 2.68 8.35 
Ma scot rt gt ea 10.14 10.05 
Ci ERE et eee Cae STO are Solel 8.32 5.95 
ae teers asc eee eee ps dele ad 14.20 | 12.00 
rere errne rr oa 7.30 10.80 
BANCO GI 5 is ttw ec oad ween ee eas 15.37 | 17.50 
October... . . as | 11.19 11.85 
November eee: 7.56 3.40 
December...... : : 8.83 .50 
GUAN bce os eee re, 89.67 87.00 


table 5. As a matter of fact this region of the Island is characterized by 
heavy rainfall. 
Rotational Intervals 

The average rotational interval for Pangola, Guinea-tropical kudzu, and 
Para for the first year of trial was 18.2 days and for St. Augustine 15.2 
days. For the second year of trial the interval for Pangola, St. Augustine and 
Guinea-tropical kudzu was 12.2 days and for Para grass 10.5 days. 

The difference in rotational interval between the first and second year 
of the experiment probably resulted from the fact that the first trial was 
started with two bullocks per acre while in the second year it started with 
three. The average rotational interval for the whole experimental period 
was 14.5 days for Pangola and Guinea-tropical kudzu, 14.1 for Para, and 
13.1 for St. Augustine grass. 


Comparative Advantages of the Pastures 
In Puerto Rico, where land is a limitation, we must select forage grasses 
that can establish themselves and cover the ground fast in comparison 
with other grasses and weeds. This character substantially influences the 
cost of establishing the stand and also determines the time when the 
pasture will be ready to receive the animals. We must select grasses which 
permit the use of the stand very soon after planting, to reduce the time 
during which the land is idle to the minimum. 
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In this respect Parad, Pangola, and Guinea grasses, (Guinea grass when 
planted using pieces of roots) were superior to St. Augustine grass. They 
covered the ground fast and were ready to be used 4 to 5 months after 
planting, while St. Augustine took 3 to 4 months more. 

Although the expenses of establishing the experiment were relatively 
high as compared to those for commercial plantings where most of the 
practices can be mechanized, the cost of one of the practices reflects the 
disadvantages of a long period for the establishment of the sod. The cost 
of replanting St. Augustine was $46 per acre while it was only $5 for Pan- 
gola and $3.66 for Guinea-tropical kudzu. Para needed no replanting at all. 
The cost included the collection of planting material. St. Augustine needed 
two replantings with plenty of material while the others required only 
one and this one quite light. 

Additional information or the grasses studied is presented below. 

(1) Pangola grass covers the ground so fast that it permits very little 
competition from weeds. It is very aggressive. (2) It forms a very thick 
mat protecting the soil very well. (3) It is resistant to trampling, especially 
when the land is well-drained, and, if rainwater is not drained off fast, 
trampling does some harm. (4) It recovers very fast after the animals are 
removed, even if overgrazed, though of course overgrazing is not recom- 
mended. Under favorable conditions of rain and fertilizer, the fields are 
ready to receive animals again in from 15 to 20 days. (5) It is very tender 
and palatable. (6) It is very easy to establish a field of Pangola grass using 
the vegetative material. (7) It is attacked by the yellow aphis of sugarcane, 
but this is very easy to control with insecticides. Heavy showers also help 
to control the pest. 

(1) St. Augustine grass takes quite a long time to become well estab- 
lished but once it is established, a very thick mat is formed. In spite of this, 
it permits competition from weeds. (2) It is very resistant to trampling, 
especially in a well-drained soil. (3) When not overgrazed it recovers fast 
after the animals are removed. If overgrazed, then the recovery is slow. 
(4) Is very palatable when young and tender, but it matures fast and the 
foliage then gets fibrous and loses palatability. The nutritive value is also 
reduced. 

Except for the fact that Pard grass is not well adapted for grazing on light 
soils, its other characters have been discussed adequately in previous publi- 
cations from this Station, (2), (3). 

Observations made on the combination of Guinea grass with tropica 
kudzu have been discussed in previous publications also (2), (3), and are 
similar to those reported in the present work. 
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SUMMARY 

A grazing trial was carried out at Yabucoa, on the eastern coast of 
Puerto Rico to determine the usefulness for this purpose of several grasses 
and a grass-legume mixture. It followed the same pattern and procedure 
as those which had been performed previously at the Main Station Farm 
located in the northern humid section of the Island. 

In the trial, which lasted for 2 years, Pangola grass, Para grass, St. 
Augustine grass, and a Guinea grass-tropical kudzu combination were 
compared as to carrying capacity and other characters to determine their 
pasture values. 

The carrying capacities of these grasses were as follows: Pangola, 1.12; 
Guinea-tropical kudzu, 1.42; St. Augustine, 1.23; and Para grass, 0.87 head 
per acre. The gross returns per acre for the first year were, $118, $137, 
$97, and $87, respectively. For the second year they were: $159, $179, $124, 
and $68, respectively. 

Besides the information obtained on the carrying capacity of the pas- 
tures, the results show that well-managed pastures are at least as profitable 
as many of the cash crops actually grown in the Island. This does not take 
into consideration additional soil- and water-conservation benefits which 
accrue from having the soil covered by a sod. 

Pangola and St. Augustine grasses are good pasture crops that can be 
used in the eastern coastal region satisfactorily. The Guinea-tropical 
kudzu mixture, however, is better than these grasses by themselves. The 
superiority of the legume-grass combination was again demonstrated by the 
results of this experiment. Parad grass was not well adapted for grazing in 
the light soil in which the experiment was planted. 

RESUMEN 

Se llevé6 a cabo un experimento sobre pastoreo en Yabucoa, en la costa 
este de Puerto Rico, para probar la utilidad de algunas yerbas y de una 
combinacién de yerba y leguminosa. Siguidéd el mismo patrén y procedi- 
miento de aquéllos anteriormente verificados en la finca de la Estacién 
Central y en la seecién htimeda del norte de la Isla. 

En este experimento, el cual duré dos afios, las yerbas Pangola, Para y 
San Agustin, y la combinacién de yerba Guinea y kudzu tropical se com- 
pararon en cuanto a su capacidad para sostener el ganado y en otros 
caracteres que pudieran demostrar el valor de estos pastos. La capacidad 
para sostener el ganado que demostraron estas yerbas fué como sigue: 
Pangola, 1.12; asociacién Guinea y kudzu tropical, 1.42; San Agustin, 
1.23 vy Parad 0.87. Los ingresos brutos por acre para el primer afio fueron: 
Pangola $118, combinacién Guinea-kudzu tropical $137, San Agustin $97 
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y Para $87. El segundo afio fueron, en el mismo orden: $159, $179, $124 y 


$68. 

Ademas de la informacién que se obtuvo en cuanto a la capacidad de 
estos pastos para sostener el ganado, otros resultados demostraron que los 
pastos bien manejados pueden ser tan remunerativos como son muchas de 
las principales cosechas que actualmente se cultivan en la Isla. Sin contar, 
ademas, con los beneficios que se derivan de tener el terreno constantemente 
cubierto de vegetacion, lo cual significa una mejor conservaci6én del suelo y 
un mas adecuado aprovechamiento del agua. 

Las yerbas Pangola y San Agustin son buenos pastos, los cuales pueden 
usarse en la regién costanera oriental de manera satisfactoria. Sin embargo, 
la combinacién Guinea-kudzu tropical resulté mejor que las yerbas por si 
solas. Otra vez se demostré en este experimento la superioridad de la com- 
binacién de las yerbas con leguminosas, como ya se habia comprobado en 
otros experimentos. La yerba Para no se adaptdé bien para el pastoreo en 
los terrenos ligeros en los cuales se instalé el experimento. 
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THE EFFECTS OF THE MOTTLE AND THE COMMON 
TOBACCO MOSAIC VIRUSES ON THE YIELD OF 
VARIETY VIRGINIA 12 


J. Adsuar, A. S. Amy, and L. Lopez Matos! 
INTRODUCTION 


Common tobacco mosaic and other maladies of similar nature are con- 
sidered to be among the most important, widespread, and destructive 
diseases affecting tobacco. 

A survey recently initiated and still in progress at this Station with the 
purpose of determining the nature and extent of the mosaics affecting to- 
bacco in Puerto Rico has disclosed that at least two viruses are present 
in our fields. One of them, the common tobacco mosaic, has been and still 
is the cause of severe losses to the growers. In spite of that, the attitude 
of the tobacco farmers in general is one of indifference and many go so far 
as to maintain that this disease causes no reduction in yield and quality. 
However, careful observations readily show that the mosaic causes marked 
retardation in growth and malformation when plants become infected at 
transplanting, or soon after, and even at later stages of development. 

The other virus present is a relative newcomer. It has been named the 
“mottle” virus and is the cause of a serious disease of sweet peppers grown 
locally. This virus was presumably first observed here as causing a mosaic 
on tobacco in 1934 (1)?, but it was not until several years later that its 
nature was definitely established (2). 

Symptomatologically, the mottle virus closely resembles the Y or vein- 
handing virus of tobacco and recent studies at this Station to be published 
in the future strongly suggest that it is, in fact, related to the so-called Y 
group of viruses. 

Mottle is transmitted by mechanical means as well as by the aphid 
vector Myzus persiceae, Schultz. Until recently this aphid was considered 
aminor pest of tobacco in Puerto Rico, but during the past two or three 
years its presence has been alarmingly manifest not only here but in other 
tobacco-growing regions as well. This interesting phenomenon, now under 
study by the entomologists, no doubt explains the widespread dissemination 
of the mottle virus in our fields which, if it continues, will create a serious 
problem in control. 

'Phytopathologist, Associate Agronomist in Charge of the Tobacco Substation, 
and Research Assistant in Plant Pathology, respectively, Agricultural Experiment 
Station, University of Puerto Rico, Rio Piedras, P. R. 

* Numbers in parentheses refer to Literature Cited p. 107. 
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TaBLe 1.—Effects of infection with common tobacoo mosaic and with the mottle virus on 
the yield of Virginia 12 tobacco 





Symbol Virus used Mean yield! 
Cwt. per A. a 
A Mottle 6.15 
B Tobacco mosaic 6.16 
C Check 9.54 


! Least significant difference between two treatment means: At the 5-percent level 
= 1.69 ewt. per A.; at the 1-percent level = 3.90 ewt. per A. 


Common tobacco mosaic and mottle being the two most important virus 
diseases of tobacco in Puerto Rico up to the present, a field experiment was 
undertaken to determine, if possible, the effects of each virus individually 
on the yield and quality of tobacco grown under Puerto Rican conditions, 


MATERIALS AND METHODS 

The experiment was located at the Tobacco Substation Farm in Caguas. 
A 3 ft. x 3 ft. Latin-square design was used in laying it out. Each plot con- 
sisted of an area equivalent to one one-hundredth of an acre, with 6 rows 
of 16 plants per plot. Each virus was inoculated separately. The tobacco 
used was Virginia 12, a local cigar-filler variety. As an added precaution 
the experimental field was protected by a barbed-wire fence. 

The common tobacco-mosaic and the mottle viruses were used for inocu- 
lation. Both viruses were kept in pure culture on Virginia 12 tobacco in 
the laboratory and extracted just before inoculation. Every plant in each 
plot was inoculated by rubbing two or three leaves of it between the thumb 
and index fingers previously dipped in the infectious liquid. Care was taken 
to avoid contamination of one virus with the other. 

Before and after inoculation the plants were cultivated, fertilized, and 
cared for in the usual manner. In addition, they were periodically sprayed 
with benzene hexachloride (Isotox 250) to prevent aphid infestations. 


EXPERIMENTAL DATA 


The data on the effect of infection with the common tobacco mosaic 
and the mottle virus on tobacco yields are presented in table 1. As may be 
seen, the healthy Check (C) outyielded both the mottle- (A) and tobacco- 
mosaic-infected (B) plants. There was no significant difference between the 
adverse effect of the two viruses. 


DISCUSSION 


Both common tobacco mosaic and mottle seriously affect tobacco plants 
in the field. Tobacco-mosaic virus has been present in Puerto Rico for quite 
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along time, but the mottle virus was not definitely reported until very re- 
cently. Control of tobacco mosaic is being sought through the use of re- 
sistant varieties. Some have already been released elsewhere. The control 
of mottle through resistant varieties is much more difficult. As far as we 
know there is no source of resistance to this malady. 

From the results presented above it is clear that the common tobacco 
mosaic as well as the mottle virus reduces the yield of tobacco significantly. 
According to the data presented there was a loss in yield of approximately 
3.38 hundredweights of tobacco per acre directly attributable to infection 
by either one of the viruses. This represents a monetary loss of about $114 
per acre. 


SUMMARY 


Common tobacco mosaic and mottle are the two most important virus 
diseases of tobacco in Puerto Rico. A field experiment was carried out at 
Caguas to determine the effect of these viruses on the yield of tobacco. 

Healthy plants of the variety Virginia 12 considerably outyielded plants 
infected with mottle or with tobacco mosaic. There was no significant dif- 
ference in the adverse effects of the two viruses, one being as destructive as 
the other. 

The loss in income caused by the viruses was estimated at approximately 
$114 per acre, the loss in yield approximating 3.4 hundredweights per 
acre. 

RESUMEN 

El mosaico comtin del tabaco y el moteado son las dos enfermedades 
mis importantes del tabaco en Puerto Rico. Ambas enfermedades son 
causadas por virus. Se establecié un experimento en Ja Subestacién de 
Tabaco en Caguas, para determinar qué efecto ejercen estos dos virus en el 
rendimiento del tabaco. 

El tabaco sano produjo mas que los afectados por cada uno de los virus 
bajo estudio. No hubo diferencia significativa en cuanto al rendimiento 
entre las plantas afectadas por uno u otro virus. 

Las pérdidas en ingreso bruto ocasionadas por el efecto de los virus en 
el experimento pueden estimarse en alrededor de $114 por acre. 

LITERATURE CITED 
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RESIDUAL EFFECTIVENESS OF INSECTICIDES AGAINST 
SOIL-INHABITING INSECTS! 


George N. Wolcott? 
INTRODUCTION 


At the Sixtieth Annual Meeting of the American Association of Eco- 
nomic Entomologists, held December 13 to 16, 1948, at New York, N. Y,, 
the guest speaker, F. P. Cullinan, Assistant Chief of the then Bureau of 
Plant Industry, Soils, and Agricultural Engineering, U. S. Department of 
Agriculture, discussed ‘“‘SSome New Insecticides—Their Effect on Plants 
and Soils” (1). The speaker noted that ‘Benzene hexahydrochloride and 
Chlordan like DDT are relatively stable in the soil. These chemicals 
present a problem if residues that prove harmful (to crops) remain in the 
soil.’”’ He told of tests being conducted at Beltsville, Md., on the effect on 
crops of “amounts representing the accumulation of a single season’s ap- 
plication up to 10 and 20 times such amounts.” Rather surprisingly, the 
extreme toxicity of DDT to cucumbers, which we have noted in Puerto 
Rico, was not mentioned, and, quite naturally, nothing was said about any 
of the even newer insecticides not available for test at that time. 

The most important entomological implication in Cullinan’s address was 
completely overlooked: that if insecticidal chemicals are “relatively stable 
in the soil” as judged by their effect on plants, they should also continue to 
be toxic to soil-inhabiting insects for an equally long period. The practical 
application of this proposition is that, if an application of 2 pounds per acre 
of the gamma isomer of benzene hexachloride or Aldrin has been made in 
a cane field to kill white grubs, not only are the grubs killed this year, but, 
depending on the stability of the insecticide, no grubs can develop in that 
field for many years thereafter. This is not only because no adults can de- 
velop in the treated field to start a new generation, but even females flying 
in from outside and laying eggs in soil that was treated a year earlier can- 
not develop a new infestation. The soil is permanently toxic to white grubs, 
or at least, so we hope. 

Since the insecticides most effective in killing white grubs have been 
commercially available only a few years, one cannot prove at this time 
how long they will continue to be effective. But on the basis of implications 
in the above-mentioned address, the tests with soil insecticides at Rio 


1 From a paper presented at the Eighth Congress of the International Society of 
Sugarcane Technologists, Barbados, Apr. 21-26, 1953. 

2 Entomologist and Head of Department, Agricultural Experiment Station, Uni- 
versity of Puerto Rico, Rio Piedras, P. R. 

3 Numbers in parentheses refer to Literature Cited, p. 114. 
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Piedras have been considered as merely started when proof of initial toxicity 
to insects is shown. It is of equal or possibly even greater importance to 
determine how long these treated soils will remain toxic, for if an insecticide 
continues to be toxic for some years after application, the soil to which it 
has been applied may prove to be permanently sterile to injurious insects. 
If this is indeed true, then the application of Aldrin or the gamma isomer 
of benzene hexachloride in sufficient quantity to kill white grubs may be 
regarded as a permanent improvement, and not merely temporary control 
that must be repeated each year. 
EXPERIMENTAL PROCEDURE 

Because of limited equipment and space, the samples of soils containing 
applications of insecticides that showed no indication of effectiveness at 
low concentrations had to be discarded. In retrospect, it might appear 
that the too prompt abandonment of DDD or TDE (‘‘Rhothane”’) was an 
error, but with so many chemicals demanding test, only the soil samples 
mixed with the most promising could be retained. As previously noted, 
Cryolite at a rate of 100 pounds per acre, the Thiophos (Parathion), Toxa- 
phene, Piperonyl cyclohexenone, Ryania, Methyl DDT or Methoxychlor, 
and zinc dimethyldithiocarbamate at 10 pounds per acre killed no grubs 
in2 weeks, and were not tested further. Subsequently, Pinosylvin, Stilbene, 
Hyman 268 and Hyman 269, Dilan (the propane fraction), p-chlorophenyl- 
p-chlorobenzene sulfonate (Dow), |, l-di (2-hydroxy-3, 5-dichlorophenyl) 
2,2,2-trichlorethane (Laurel Hill) and dimethyl-tetra-chlorphthalate (Penn 
Salt) were tested at rates of 10 pounds per acre, with little or no indication 
of value for soil-insect control except for Hyman 268 the first year it was 
tested. 

That none of these chemicals was of value in the soil against soil-in- 
habiting insects should not be interpreted as implying ineffectiveness 
against some other kinds of insects, and they were tested against white 
grubs for this very reason: because they had proved (or at least indicated) 
conspicuous insecticidal value against other insects. The soil samples re- 
tained had been treated with Aldrin at rates of 100, 50, 25, 12, 6, 3, 1.5, 10, 
5,2, 1, and 0.5 pounds; with the gamma isomer of benzene hexachloride at 
10, 5, 2, and 1 pounds-per acre; with Chlordan at rates of 10, 5, 2, and 1 
pounds; and with DDT at 25, 20, and 12 pounds per acre. They were held 
s0 that the tests with endemic white grubs (Phyllophaga or Lachnosterna 
spp.) and weevil grubs (Diaprepes abbreviatus L.), as previously reported 
(2 and 3), could be repeated each year. 

As these tests with insects require but a few months the soil samples 
were used in the meantime for testing their possible toxicity to plants, and 
corn, papaya, cucumber, sweetpotato, and banana plants as well as weeds, 
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were grown in them when no specific experiment with a cultivated crop was 
being conducted. They were generously watered most of the time, with no 
attempt to catch and reapply the run-off and prevent possible leaching 
out of the insecticides. It should be remembered, however, that these in- 
secticides are not water-soluble like most fertilizers, and possibly may be 
regarded as forming as permanent an addition to the soil as its original 
mineral constituents. 

The original applications of insecticides to the soils were made on April 7, 
1949, and each succeeding spring (1950, 1951, and 1952) field-collected 
white grubs from Aguirre or Isabela, in third instar, were placed in the soils, 
with corn and suitable amounts of water—but no additional insecticide— 
and re-examined at intervals of 2 to 3 weeks. 

Examination consisted of dumping out all the earth and counting the 
surviving grubs, which were returned to the soil with fresh corn and gener- 
ous watering to await a subsequent examination 2 or 3 weeks later. Sub- 
sequently each year small samples of this soil were placed in 2-ounce tin 
salve boxes, to which just-hatched grubs of Diaprepes abbreviatus L. were 
added in approximately equal numbers daily from the pool of those that 
had hatched overnight. The salve boxes were watched closely, fresh grubs 
were added daily, and they were dumped completely only when the germi- 
nating corn seedlings pushed off the covers. That is, the original experi- 
ments were duplicated each year, using the same methods as in the tests 
previously reported, and the same soil, but fresh grubs, fresh corn, and 
fresh water, and no additional insecticide. 

In explanation and partial extenuation of the fact that the tests are not 
as complete and entirely comparable as might be wished, it should be noted 
that it is becoming increasingly difficult to obtain the requisite number of 
Lachnosterna white grubs because of natural control by toads, coupled 
with extensive commercial use of the chemicals which the initial experi- 
ments showed to be most effective in control. Only the most recent tests are 
here reported, superseding and making obsolete those of previous years. 

RESULTS 

By comparison with other effective chemicals the action of Chlordan 
on white grubs was surprisingly slow, 2 months elapsing before all the 
grubs were dead in the original tests in the soil treated with 10 and with 4 
pounds per acre. Three years later proof of the effectiveness of Chlordan 
was so slow in becoming apparent that 2 weeks after the fresh grubs had 
been added, mortality was only one grub more when 10 pounds per acre 
were used than when 1 pound was used. These samples also had in them 
first-instar Lachnosterna grubs of which one more survived in the soil 
treated with 10 pounds per acre than in that treated with 1 pound per 
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acre. Indeed, the results were so inconclusive that applications of Hyman 
269 were made to the same soil and the population was brought up to 10 
third-instar Lachnosterna grubs in each sample, plus all the first-instar grubs 
that were available. Even a month after this addition the soil with 10 
pounds of Chlordan applied 3 years ago, plus 10 pounds of Hyman 269 
later, had eight Lachnosterna grubs in the third instar alive (although all in 
first instar were dead), and soil treated with 5 pounds of both chemicals 
had three Lachnosterna grubs in first instar alive and eight in third. A 
month later, one first-instar and six third-instar grubs were still alive in 
soil treated with 5 pounds per acre, and three third-instar Lachnosterna 
grubs were alive in that treated with 10. 

In the original tests of soil mixed with Chlordan and just-hatched grubs 
of Diaprepes abbreviatus L., none survived at 10 and 5 pounds per acre, 
but “some grubs in the 1-pound-per-acre Chlordan had successfully trans- 
formed to the fourth instar by the twentieth day after hatching; by the 
thirty-second day, some had reached the fourth instar in the earth contain- 
ing 2 pounds of Chlordan per acre.” The results obtained in subsequent 
years were so remarkably similar as to indicate no loss in toxicity for 
vaquita grubs. These results with the two different kinds of grubs appear 
very inconsistent, indicating the slowness of action of Chlordan against 
white grubs, and against vaquita grubs, and a possibility of its being still as 
toxic as when originally applied. 

To the soil samples to which, on April 7, 1949, 10, 5, 2, and 1 pound 
per acre of the gamma isomer of benzene hexachloride had been added, 10 
third-instar Lachnosterna grubs were added, March 1, 1952, and on March 
17, initial mortalities of 3 or 4 grubs in all except the 1-pound-per-acre 
sample were brought up to the full complement of 10 grubs. A month later, 
April 19, 6 grubs were missing in the 10-pound-, 3 in the 5-pound-, 2 in the 
2-pound-, and none in the 1-pound-per-acre samples. Two months later, 
May 22, only 2 grubs remained alive in the 10-pound-per-acre and 3 in the 
)-pound, but natural mortality may be considered responsible for the 
reduction to 6 in the 2-pound and 8 in the 1-pound-per-acre samples. Un- 
fortunately, no first-instar Lachnosterna grubs had been available for test 
with gamma isomer, but obviously it was still toxic to the large third-instar 
grubs at the greater concentrations, even if doubtfully so at the minimum 
field applications that were initially made in Puerto Rico when the slight 
toxicity of the other isomers was not fully appreciated. The tests with 
just-hatched grubs of Déaprepes abbreviatus L. in the soil to which the 
gamma isomer of benzene hexachloride had been added indicated no in- 
crease in effectiveness, for the grubs grew and developed to the fifth instar at 
all concentrations, up to and including rates of 10 pounds per acre. 

In the spring of 1952, 3 years after DDT had been applied to the soil at 
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rates of 25, 20, and 12 pounds per acre, a large number of Ligyrus grubs 
were sent in from Isabela, and to avoid wasting them, 10 were placed with 
each soil sample. Development of Ligyrus grubs is so rapid, however, that 
within little more than a week they began to pupate, and one even trans- 
formed into an adult, but none showed the effect of the insecticide. When 
the Ligyrus grubs and pupae were replaced with Lachnosterna grubs, all 
were alive a month later in the soil to which DDT was applied at rates of 
12 and 20 pounds per acre, and 5 (half of them) in the 25-pound-per-acre 
samples: an almost exact reproduction of the results originally obtained 








when the application of DDT had been made to the soil. 

Repeating the tests with just-hatched grubs of Diaprepes abbreviatus L., | 
one survived to molt to the second instar in soil treated with 25 pounds of 
DDT per acre a month after it was placed with treated soil, but was dead 
a week later. By contrast, grubs developed to the fifth instar in the soil 
samples to which DDT was applied at rates of 20 and 12 pounds per acre, 
indicating that at this concentration DDT was ineffective in control. These 
results so closely paralleled those obtained originally that one may conclude 
that, as indicated by effects on soil-inhabiting insects, DDT suffers no loss 
of toxicity in 3 years when mixed with the soil. Cucumber plants which 
grew normally in all of the other samples, were conspicuously abnormal in 
the DDT-treated soils, and died a few weeks after germination. Thus, even 
at concentrations which are ineffective in insect control, the presence of 
DDT in the soil prevents the production of cucumbers. 

The nontoxicity of DDT to Ligyrus grubs is not paralleled by the effect 
of Aldrin after 3 years in the soil with these grubs, for despite their rapidity 
of development, they suffered a high (but not entirely consistent) mortality 
at all concentrations of Aldrin, even at rates of as little as 1.5 pounds per 
acre. Both third- and first-instar grubs of Lachnosterna were used to deter- 
mine the residual effect of Aldrin applied at rates of 100, 50, 25, 12, 6, 3, and 
1.5 pounds per acre. Of the five first-instar Lachnosterna grubs placed with 
these samples on March 1, only one or two were still alive by March 17, 
at which time the quota was again brought up to five in each soil sample. 
By April 1, none remained alive in the samples treated at rates of 100 and 
50 pounds per acre, and by April 19, none in any sample, apparently indi- 
‘ating that, even after 3 years in the soil, 1.5 pounds of Aldrin per acre 
will prevent white grub infestation. But so few third-instar grubs had died 
at this minimum concentration that their mortality may be attributed to 
natural causes. At 3 pounds per acre 4 grubs out of 10 died between Mareh 
1 and 17, and between April 1 and 19, 7 out of 10 died in soil treated at a 
rate of 3 pounds per acre, and none of the remaining 3 had survived a 
month later. At all the higher concentrations mortality was increasingly 
heavy in proportion to the amount of chemical present, and by May 22 
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yas total, despite the two replacements to bring the complement up to the 
| jull strength of 10 third-instar grubs. 

In the tests with just-hatched grubs of Diaprepes abbreviatus I ., none 
urvived when Aldrin was used at rates of 10, 5, 2, and 0.5 pounds per 
jcre, and one grub transformed to the fourth instar in soil to which Aldrin 
had been added at a rate of 1 pound per acre 3 years before, but this grub 
lied before molting to the fifth instar. 





SUMMARY AND CONCLUSIONS 


Results of tests with just-hatched grubs of Diaprepes abbreviatus L. as 
biological indicators of the residual effect of insecticides mixed with soil 
‘vere much more consistent and showed little loss of toxicity in 3 years as 
compared with the tests using field-collected white grubs. Thus tests with 
third- or last-instar grubs of Phyllophaga (or Lachnosterna) portoricensis 
‘Smyth and P. vandinei Smyth, as well as with first-instar white grubs of 
these species, although not entirely conclusive, appear to indicate that, 
after being mixed with soil for 3 years, Chlordan is not nearly so toxic to 
white grubs as when originally applied. But the latest results with weevil 
grubs are almost identical with those of 3 years ago. 

Even when freshly applied at the rate of 10 pounds per acre, the gamma 
isomer of benzene hexachloride did not kill just-hatched grubs of Diaprepes 
abbreviatus L., and cannot be recommended for field application to soils in- 
fested with them. This insecticide continued to be almost as effective 
against white grubs 3 years later as when originally applied to soil infested 
principally with them. 

Aldrin appeared to be fully as effective against the weevil grubs of 
Diaprepes abbreviatus L., as when first applied 3 years earlier, and was found 
to be very toxic to the grubs of Ligyrus (which are of very minor economic 
importance). Even if it is less toxic to third-instar Lachnosterna white 
grubs at the concentrations recommended for original field application 
(2 pounds per acre) it will kill these grubs in the first-instar. 

DDT appeared to be only slightly toxie to Ligyrus grubs as compared 
with Aldrin. For cucumbers and for the grubs of Diaprepes abbreviatus L., 
and the endemic species of Lachnosterna, DDT experienced no appreciable 
loss in toxicity in the soil with which it had been mixed 3 years earlier. 


RESUMEN 

Este trabajo aporta datos en relacién con el efecto residual de algunos 
insecticidas sobre los insectos que viven bajo tierra. 

Los resultados de los ensayos, en los cuales se usaron gusanos del Dia- 

prepes abbreviatus L.. recién salidas del huevo en el laboratorio, como indi- 

cadores bioldgicos del efecto residual de los insecticidas mezclados con tierra, 
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fueron mas consistentes y el insecticida demostré una pérdida menor de 
toxicidad que cuando se usaron gusanos blancos del Phyllophaga portori- 
censis Smyth recogidas en los campos. 

Segtin lo anterior, las pruebas con gusanos blancos del Phyllophaga (0 
Lachnosterna) portoricensis y con el P. vandinei Smyth, en su tercero 0 
tiltimo estadio, como también en su primer estadio, aunque no fueron 
enteramente conclusivas, aparentan indicar que el clordano después de 
haber estadio mezclado con tierra por 3 afios no resulté tan téxico como 
cuando se aplicé originalmente. 

Sin embargo, los Ultimos resultados con gusanos de la vaquita demos- 
traron que el clordano conservé su efecto t6éxico sin alteracién alguna 
durante los 3 afios de la prueba. 

Atin cuando se aplicé por primera vez, a razén de 10 libras por acre, el 
isébmero gamma del hexacloruro de benceno no pudo matar las gusanos 
recién salidas del Diaprepes abbreviatus L., por lo tanto no es recomendable 
su uso en los terrenos muy infestados por este insecto. Por otro lado, se 
noté que este insecticida conserva su poder tdxico por los 3 afios cuando se 
trata de las gusanos del llamado gusano blanco de la cafia. 

El aldrin aparentemente fué tan eficaz para controlar las gusanos del 
Diaprepes abbreviatus al principio de las pruebas, al igual que a los 3 afios de 
aplicado y también demostré ser muy téxico a las gusanos blancos del 
Ligyrus, que es una plaga de menor importancia econémica. Ain siendo 
menos tdéxico al tercer estadio del Lachnosterna, si se usa la concentracién 
de 2 libras por acre, el adrin mata las gusanos blancos de este insecto en su 
primer estadio. 

Se observé que el DDT fué un poco menos téxico a las gusanos blancos del 
Ligyrus que el aldrin. Cuando se combatieron loa gusanos del Diaprepes 
abbreviatus L. en pepinillos, como también las especies endémicas del Lachno- 
sterna, no se aprecié que el DDT perdiera su toxicidad original después de 
los 3 afios de haberse aplicado al terreno. 
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TERMITE DAMAGE AND CONTROL AS FACTORS IN THE 
UTILIZATION OF TIMBER IN THE CARIBBEAN AREA! 


George N. Wolcott? 

INTRODUCTION 
| Dry-wood termites, depreciation, hurricanes, and fire are the modern 
Four Horsemen of the Apocalypse: the four most destructive agents of 
'yooden structures in the West Indies. This is most amusingly illustrated 
bya poster of the Ponce Cement Co. of Puerto Rico, showing Ponce de 
-_leén with sword and cement as “‘protector of the home.” That two cement 
| plants are in capacity operation in Puerto Rico, and that every other major 
island earnestly wishes it was even half as well provided, is only one indica- 
tion of how largely wood has been supplanted for construction in the last 
few years. 

Wooden furniture is still generally used in concrete houses, however, 
although steel, glass, and plastic are constantly finding greater acceptance. 
The use of concrete for furniture is still limited to outdoor benches built 
by fanatics who have lost too many treasured relics from termite attack. 
Despite their initial high cost, permanent concrete fence posts are cheaper 
in the end than those of any kind of available wood, unless the stakes are 
living and are expected to form a hedge. Such stakes must take root 
promptly or be destroyed by termites or other insects, and even when well- 
rooted and firmly established, are always subject to termite attack. Tele- 
phone poles unprotected by heavy creosote impregnation may be noted in 
the Dominican Republic so completely eaten by termites that the cross- 
arms bearing the termite nest are supported by the wires from the adjacent 
poles. 

The obverse aspect of the increasing displacement of wood in the West 
Indies is that desirable woods are becoming so much more valuable that 
their production should be definitely profitable on a long-term basis. The 
mahogany shade trees lining the streets of Paramaribo, Dutch Guiana, are 
not only an invaluable asset now, but when and if they have to be removed 
will have acquired an enormous commercial value. Large areas in His- 
paniola, abandoned as cane fields, might well be planted to mahogany as a 
long-term investment, eventually yielding a greater financial return than 
all the crops of sugarcane that had been grown on them. The extensive 


‘From a paper presented at a Caribbean Commission Conference on Caribbean 
Timbers, Their Utilization and Trade Within the Area, Port-of-Spain, Trinidad, 
B.W.I., Apr. 13-18, 1953. 

*Entomologist and Head of Department, Agricultural Experiment Station, Uni- 
versity of Puerto Rico, Rfo Piedras, P. R. 
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planting of East Indian teak in Trinidad might well be extended to include 
not only endemic trees but also other species from the Guianas and the 
Amazon Basin definitely known to be very resistant to dry-wood termite 
attack. The possibilities seem limitless, as compared to present accom- 
plishments, but could readily be made practical actualities based on daty 
already available. 
BIOLOGY OF THREE VARIETIES OF TERMITES 

In addition to the endemic species of termites present in the variou 
West Indian islands, unfortunate introductions in commerce from far- 
distant realms of the British Empire have created special problems in some 
of the British West Indies, but even including these, the economically im- 
portant termites fall into three groups: Nigger-head nest termites, subter- 
ranean termites, and dry-wood termites. 


Nigger-head Nest Termites 


The common and typical nigger-head nest species is Nasutitermes costalis 
Holmgren, characterized by broad and easily broken external tunnels orig- 
inally extending from the nest in the ground up the trunks of trees to dead 
branches, and eventually from the characteristic aerial ‘‘nigger-head” nest 
of the later development of the colony down to the ground. These termites 
require subterranean sources of water in addition to that obtained from the 
wood of dead branches, and eventually perish if cut off from connection 
with the ground. Because their conspicuous nests are so easily destroyed 
either mechanically or by poisoning with paris green during dry weather, 
they are normally rural inhabitants, finding continued existence in cities 
practically impossible. In the country, however, they are so omnipresent 
as to be the principal agents in the destruction of fence posts and wooden 
structures in general, if not closely watched. 

Several yards of their lightly constructed tunnel may be extended over- 
night to a new source of food discovered by nocturnal foragers, not evel 
overlooking so small an item as an empty wooden matchbox. The danger 
of being hit by a falling branch during a storm in the Tropics is much less 
because these termites promptly consume all branches as soon as they die, 
leaving little more than the bark and their fragile tunnels to be blown by 
the wind. Indeed, it is with the greatest difficulty that one can collect 
enough dry firewood of dead branches to make and keep a sizable fire 
going in a tropical forest. Any kind of wood is subject to attack, Luis F. 
Martorell of this Station having recorded 84 kinds of trees attacked in 
Puerto Rico, not excluding live mahogany trees as nest sites, although only 
dead branches were eaten. 

But these termites much prefer some kinds of trees, the flamboydn being 
almost invariably infested. As flamboydn trees are so often used for road- 
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ide planting, at times the ‘‘camineros” in Puerto Rico assigned to keep 
wads in repair have attempted to eliminate the unsightly nests from the 
sees Within their jurisdiction. Such successful campaigns are of very tempo- 
ary value, however, for reinfestation from surrounding areas inevitably 
curs with the swarming of adults the following spring. 

People living in the country find the swarming adults very much of a 
quisance in the late spring, for they are readily attracted to artificial lights. 
This practically necessitates finishing dinner before dark if one is to avoid 
iaving the black-winged, clumsy adults perish in the soup. Despite all this, 
Vasutitermes is really a very minor pest economically, and even incipient 
wlonies, which have not yet developed aerial nests, may be eliminated by 
lacing dry paris green in the largest tunnels, or by spraying the tunnels 
and soaking the ground beneath with one of the new chlorinated hydro- 
carbon insecticides such as Chlordan or Aldrin. 


Subterranean Termites 


Subterranean termites, of which Heterotermes tenuis Hagen is the typical 
gecies of the West Indies, construct no aerial nest, and their tunnels are 
mall, tough, and so difficult to eliminate completely that a black streak 
remains after the most strenuous efforts at destruction. They are primarily 
tity dwellers, but may occur anywhere, and seem to be increasing in num- 
bers as well as in the areas of infestation. With no visible nest, they are 
exceptionally difficult to combat, their tunnels being so small that only the 
smallest amounts of poison can be inserted and this proves quite insuffi- 
tient to eliminate a colony. Destruction of the external tunnels is only a 
palliative at best, for they may be repaired overnight. Not easily discour- 
aged, these termites will rebuild tunnels through earth impregnated with 
10-percent DDT in crankcase oil and over concrete foundations similarly 
sprayed, up to the top story of wooden buildings, and extend their tunnels 
downward like stalactites from molding or ceiling. 

For old buildings, not constructed with reference to possible subterranean 
termite infestation, and especially for those with wooden members extend- 
ing through the concrete floor or foundation and in direct contact with the 
soil, only the most strenuous and thorough soil treatment offers any chance 
of success. Luck is as important a factor as any, for the principal nest 
nay be yards distant from the foundation or it may be directly under the 
building. Many new chemicals have become commercially available within 
the past few years, some of which initially gave remarkably good results, 
but none has been tested long enough to prove its permanence in termite 
control. One can only mention Aldrin and Dieldrin as being apparently the 
most effective and hope that future results will prove that this prognostica- 
tion is correct. The other possibility with old buildings is to make struc- 
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tural changes, eliminating the wooden members in contact with the soil, 
or the cracks and breaks in the concrete foundation through which the 
termites gain access to the interior. If the old building has a wooden floor, 
either this must be eliminated, or the soil underneath, and outside as well, 
should be treated. 

There is little hope for old wooden buildings attacked by subterranean 
termites, but when they are eliminated, replacement in an area known to 
be infested should be made only after the soil has been treated with Aldrin, 
New structures should be of concrete, or on concrete or masonry founda- 
tions raising the floor high enough above the ground so that it is readily 
accessible beneath for suitable control measures to be taken if necessary, 

Perfection counsels that structures, to be termiteproof to subterranean 
termites and nigger-head nest termites, should be built like a boat, with 
no cracks or apertures through which either water or termites can find 
ready means of access from beneath. 

Insufficient observations have been made on the food preferences of 
subterranean termites in the Tropics to make possible definite statements. 
Most of the injuries reported have been to books and cotton clothing, 
and to the sapwood of southern pine, leaving mahogany and similar tropical 
hardwoods untouched, or with tunnels passing over them as though they 
were completely unedible. 


Dry-wood Termites 


The fundamental difference between the West Indian dry-wood termite, 
Cryptotermes brevis Walker, and other termites is that the dry-wood species 
obtain all the moisture required during their entire life from dry wood. At 
no period of their existence do they live in the ground, and they require no 
connection with it, thus protection from their depredations in no way de- 
pends upon how a structure is constructed or on its foundations. The dry- 
wood termite can live indefinitely in a picture-frame on a wall, suffering no 
privation of anything essential to its well-being until the picture-frame 
collapses. No practical method of screening, adequate against mosquitoes 
and houseflies, will keep these termites out, and indeed most screened 
houses seem to be more heavily infested because of a mistaken idea that 
they had been thereby protected against termite attack. Wooden members 
of a concrete house are just as readily attacked as are wooden houses, and 
furniture is just as subject to infestation one place as another. 


TERMITE-RESISTANT WOODS 


The situation is by no means hopeless, however, for numerous tropical 
woods are practically or entirely immune from attack, and any wood what- 
soever may be rendered externally repellent by painting all surfaces, or 
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complete submergence in suitable chemicals. Only the exceptional furniture 
manufacturer is interested in the permanence of his product abroad, and 
if the bulk of it is for use where termites do not exist, treatment of suscep- 
tible woods so that tropical termites will not eat them seems quite unessen- 
tial. The first cost of furniture made abroad may be less, but ultimately it 
will prove to be much more expensive than that made locally of woods 
proved by experience to be termite-resistant. 

To make adequate supplies of such woods commercially available should 
be the aim of the forester, for the high cost of locally made furniture is 
largely due to the scarcity of supply of the most desirable woods. Termite- 
resistance of a wood would appear to have no survival value to any species 
of tree, but nevertheless, practically all the termite-resistant woods are from 
tropical trees. The gummy heartwood of the bald cypress of the southern 
United States, Taxodium distichum (L.) Rich., cannot be eaten by dry- 
wood termites, but is rarely available in commercial quantities at present. 
Osage-orange, Maclura pomifera (Raf.) Schneider, a hedge and fence-post 
tree extensively planted by the first settlers in the middle western United 
States before barbed wire had been invented, and previously used by the 
Indians for making bows, rarely attains a size suitable for extensive com- 
mercial use, and only recently has its exceptional characteristic of being 
termite-resistant been proved. Most of the other Temperate Zone trees 
tested are very susceptible to termite attack, and all of the remainder are 
susceptible. 

Any one of these woods, if adequately treated with suitable chemicals either 
before or after being made into furniture, can be rendered immune to ter- 
mites, but proof of a treatment depends upon the integrity of the manufac- 
turer, or failing that, on the persistence and industry of the individual 
purchaser before infestation occurs. Actually, very few persons are psycho- 
logically prepared, or have the time and inclination to treat their furniture 
with adequate thoroughness at the time of purchase, or to supervise the 
building of a house to make sure that the cut end of each piece of wood 
entering into its construction is treated before being nailed into place. It 
should be emphasized that nothing less will give complete protection against 
dry-wood termites, and you may be sure that, eventually, they will dis- 
cover any area carelessly left untreated. Except for plywood to which the 
repellent is applied in the process of manufacture, penetration by any 
themical is so shallow that the interior is protected only by the thin outer 
laver of wood, and if this is penetrated, the entire interior is susceptible 
to attack. Thus, until more adequate methods of depth penetration are 
universally adopted for lumber and furniture imported into the Tropics, 
endemic termite-resistant woods have a practical monopoly. 

Experience over generations of life in the Tropics has accumulated a 
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Fic. 1.—Street of Paramaribo, Dutch Guiana, lined with trees of West Indian 
mahogany. (Original). 


mass of more or less correct opinions regarding the termite-resistance of 
endemic woods. This is so overwhelmingly consistent in the case of ma- 
hogany that the promoters of other kinds of woods with somewhat similar 
physical properties and appearance have adopted this name for woods that 
are chemically and fundamentally different, and have little of the termite- 
resistance of genuine West Indian mahogany, Swietenia mahagoni Jacquin 
(see fig. 1). Such woods may serve reasonably well in countries where dry- 
wood termites do not exist, but in the Tropics their use will eventually re- 
sult in bitter disappointment to the innocent purchaser of an article made 
of Philippine mahogany, African mahogany, Dutch mahogany, or even 
Honduras mahogany. The termites unerringly recognize the fraud, and 
move in for its destruction. 

Adequate chemical treatment would permanently prevent termite at- 
tack on thin plywood sheets. Such practices have been used to make per- 
manently termite-resistant abundant supplies of termite-susceptible woods 
such as okoumé, birch, makore, and lauan, which thus treated are suitable 
for use in the Tropics. In all of these woods, the chemical use is the com- 
mercially available pentachlorphenol or sodium pentachlorphenate. Thus, 
the end result is complete substitution for mahogany, but this alternative 
is not on that account to be dismissed as unworthy of serious consideration 
for general adoption. 

West Indian mahogany is not the only wood which the consensus of 
opinion regards as notably resistant, but concerning so many others no 
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eneral agreement had been reached that one of the historic problems for 
vestigation by the entomologist has been to make comparative tests. 
The first report on ““The Comparative Resistance of Woods to the Attack 
if the Termite, Cryptotermes brevis Walker” was made in 1924 (1)? and 
yas followed by another in 1946 (2). Such tests are still in progress, the 
test publication: “An Index to the Termite-Resistance of Woods” (3) 
jom the Station, being already somewhat out of date. 

Such tests, especially for the more valuable, termite-resistant woods, 
necessitate the expenditure of enormous numbers of termites in making the 
mparison with other similar termite-resistant woods, and require very 
lng periods of time for completion. Susceptible woods, readily eaten by 
termites and causing little or no mortality of the experimental animals, 
take but comparatively little time before they can be rather definitely 
placed in their relation to other susceptible woods of little or no commercial 
value as cabinet or construction woods, unless chemically treated for ter- 
nite-resistance. With so much data available, it is now within the province 
of the forester to advise and suggest for planting those trees of the greatest 
commercial value because of the termite-resistance of their wood, rather 
than those which merely grow rapidly and produce the most immediate 
results. The farmer is not concerned with the esthetic value of the luxuriant 
sowth of weeds, and a similar, realistic attitude towards the crop which 
he is recommending should be adopted by the forester. 


SUMMARY 

The destructiveness of termites presents a challenge to everyone con- 
uected with forestry and wood utilization in the Tropics, as well as to the 
consuming public. On the basis of biological differences and methods of 
control, the West Indian species divide into three groups: The “nigger- 
head” nest termites, of which Nasutitermes costalis Holmgren is typical and 
most common, but commercially least injurious; the subterranean termites, 
of which Heterotermes tenuis Hagen is most destructive; and the dry-wood 
termite, Cryptotermes brevis Walker. 

Some of the new insecticides, more especially those developed by Julius 
Hyman, such as Chlordan, Aldrin, Dieldrin, and others, are exceptionally 
elective in killing termites, and the impregnation of susceptible woods 
vith pentachlorphenol or sodium pentachlorphenate prevents attack so 
long as this thin surface protection is unbroken. But as all North American 
woods except the gummy heartwood of bald cypress and Osage orange are 
susceptible to termite attack, the foresters of the Caribbean area have a 
wnique opportunity in pushing the commercial planting of endemic termite- 


*Numbers in parentheses refer to Literature Cited, p. 122. 
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resistant woods such as West Indian mahogany, Demerara greenheart, and 
others less well-known, as well as East Indian teak. 
RESUMEN 

Este trabajo presenta datos relacionados con la biologia y el poder de- 
structivo del comején, Nasutitermes costalis Holmgren; del comején sub- 
terraneo, Heterotermes tenuis Hagen; y de la polilla de la madera seca de las 
Indias Occidentales, Cryptotermes brevis Walker. Mientras la primera, 
relativemante es una plaga de menor importancia econémica, las otras dos 
son marcadamente destructivas en todas las edificaciones y objetos cons- 
truidos con madera. 

Se discuten los métodos de control, y también se recomiendan con especial 
énfasis, el método cientifico de poner los edificios a prueba de estas polillas, y 
el tratamiento que se les debe dar a las maderas que se usen en la fabrica- 
cién de muebles para que resistan los ataques de estos insectos. 

Se sugiere, como medida rutinaria y conveniente en los trdépicos, la 
siembra extensiva de Arboles cuya madera resista la polilla. 
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